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PREFACE 


The following third and last volume of this Atlas includes the remainder of the vascular 
system and the entire nervous system, together with the organs of special sense. 

Long years of experience in the dissecting-room have led the author to depict the peripheral 
nerves and blood-vessels as the student is accustomed to see them in the cadaver, 7. ¢., the vessels 
and nerves together in the same region. Consequently, as a rule, the arteries and nerves, or the 
arteries, veins and nerves, or the arteries and veins, have been shown in the same illustration, 
and this rule has been departed from only in those instances where, for the sake of clearness 
(in the case of the cerebral nerves, for example), complementary pictures with the nerves or 
arteries alone have been added. 

This arrangement of the material has the advantage that the student using the atlas in the 
dissecting-room can find upon a single page the great majority of the structures found in a layer 
of his dissection and is not forced to hunt through the volume and waste much time in unnecessary 
search. At the same time, the reader of the book receives in this manner a series of composite 
topographic illustrations. 

A reproduction in colors was rendered absolutely necessary by the simultaneous representa- 
tion of the blood-vessels and nerves. In the interest of special differentiation the arteries were 
consequently colored red, the veins blue, and the nerves bright yellow. For the production of 
the colors, as for the production of all the plates in the volume, half-tones were employed, which 
have been faultlessly prepared by the well-known Vienna firm of Angerer & Géschl. The yellow, 
red, and blue plates were at the same time made use of for the coloration of the remaining tissues 
in the illustrations (muscles, bones, fat, skin, etc.), and in this manner colored illustrations were 
obtained which are most comprehensive, and, although not absolute reproductions of the dis- 
sections, they correspond in a schematic manner in the colorings of the different tissues. All 
the illustrations in this Atlas were prepared from original drawings by K. Hajek, who has again 
demonstrated his artistic talent and cleverness in the representation of anatomical structures. 

As previously mentioned in the Preface to the first volume, the chief aim of the author has 
been to produce a useful book for the medical student and the physician, rather than an atlas 
for the finished anatomist. He who wishes to pursue more advanced work along special lines 
will be forced to consult special works and would find this Atlas insufficient were it to contain 
twice as much. ‘The great size of such a work and the burdensome number of special dissections 
would be of interest only to the expert anatomist, and would serve rather to confuse the student 
and the physician and render it more difficult for them to find what they need. My main purpose 
was, therefore, to limit myself to the most necessary data and to arrange these in a series of com- 
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posite pictures which would be as comprehensive as possible. In the representation of the 
central nervous system and its fibers great care has been exercised, since my experience has 
been that too much material is confusing rather than imstructive, especially since it might be 
necessary in a short time to make many alterations on account of changes in opinion dependent 
upon the progress of investigation. 

The majority of the preparations from which the illustrations were made have been dissected 
by myself especially for this work, although other complementary dissections have occasionally 
been introduced. The greater number of the illustrations are exact reproductions of the dis- 
sections; minor accidental variations have usually been represented, since they are frequently 
found by the student himself, but the more striking anomalies have been corrected by comparative 
dissections. Some of the illustrations have been drawn from specimens in the anatomical col- 
lection of the Wiirzburg Institute, and for permission to utilize this material I am greatly indebted 
to Professor Stohr. 

THe AUTHOR. 
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HUMAN ANATOMY. 


THE ARTERIES. 


THE arteries of the body may be divided into those of the pulmonary circulation and those 
of the systemic circulation. Each system originates in a single arterial trunk, that of the greater 
or systemic circulation being known as the aorta (see Vol. II, page 167), while that of the lesser 
or pulmonary circulation is the pulmonary artery (see Vol. II, page 167). 


The Development of the Arterial System.—The primitive embryonic heart gives off but a single arterial tube, the 
truncus arteriosus, which subsequently divides into two primitive aorta, each forming an arch with its convexity directed 
toward the head. Each arch consists of an ascending ventral limb, originating from the truncus arteriosus, and a 
descending dorsal limb, which unites with its fellow of the opposite side to form the primitive descending aorta. 

Between the ventral and dorsal limbs of the primitive aortic arches transverse connections, known as the branchial 
arteries, develop. They are five in number upon each side,* each branchial artery being situated in a visceral arch, and 
they early become developed to such an extent that the limbs of the original aortic arches soon appear to be mere con- 
nections between them. _ Both the permanent aortic arch with its branches and the pulmonary artery are developed 
from the branchial arteries, some portions of which, together with their connections, persist, while others disappear. Thus 
the fourth pair of branchial arteries and their dorsal connection with the fifth are retained and form the permanent aortic 
arch upon the left side, and the innominate artery and proximal portion of the subclavian upon the right. The third 
pair also persist as the connections between the internal and external carotid arteries, their ventral connections with the 
fourth pair forming the common carotids, while the first and second pair completely disappear, as do also the dorsal 
connections between the third and fourth pair of vessels. The ventral connections of the third and second and second 
and first vessels become the external carotids, while the corresponding dorsal connections form the internal carotids. 
The right fifth arch disappears, the left becomes the ductus arteriosus. 

The truncus arteriosus by its longitudinal division (see Vol. II, page 180) gives rise to the permanent aorta and 
the pulmonary artery, the latter having connected with it the fifth pair of branchial arteries. From each of these a branch 
passing to the lungs develops, and the portion of the right artery between the branch and the right aortic arch dis- 
appears, while the corresponding portion of the left artery persists until birth as the ductus arteriosus. Finally, the 
portion of the right aortic arch below the point where it gives off the distal portion of the subclavian artery dis- 
appears, the left arch persisting in its entirety to form the portion of the permanent aortic arch, distal to the origin 
of the innominate artery. 


*[A rudimentary sixth branchial artery probably occurs, intervening between the fourth and fifth, as enumerated 
above, but since it takes no part in the formation of the permanent vessels and remains rudimentary, it may be disre- 
garded in what follows.—Eb.] 
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THE PULMONARY ARTERY. 


The pulmonary artery (Figs. 447, 448, 455, 518, 519, and 521), 5 to 6 cm. in length, is a 
wide but rather thin-walled tube, which arises from the conus arteriosus of the right ventricle 
of the heart. Its origin is situated in front of the aorta, between the tips of the two auricles, and 
it passes upward, backward, and to the left at the left side of the ascending aorta, both vessels 
being enclosed within the pericardium and invested by the epicardium (see Vol. I, page 181), and 
united by firm fasciculi of connective tissue. After penetrating the pericardium and reaching 
the level of the fourth thoracic vertebra the pulmonary artery divides beneath the aortic arch 
into a right and a left branch, which pass to their respective lungs. ‘The division takes place 
just as the pulmonary artery emerges from the pericardium, so that the inferior aspects of both 
branches are invested with epicardium for a short distance. 

Each branch runs almost transversely to the hilus of its lung, but each holds a different 
relation to the neighboring great vessels, particularly to the aorta. The right branch is somewhat 
longer and larger than the left and passes behind the ascending aorta and the superior vena 
cava; the smaller and shorter left branch, however, is situated in front of the descending aorta. 

Before entering the hilus of its lung each pulmonary artery subdivides, the branches in general 
being associated with the bronchi and the subsequent smaller divisions following the bronchial 
ramifications. ‘These subdivisions of each pulmonary artery, together with their corresponding 
veins and the bronchus, constitute the so-called root of the lung (see Vol. II, page 102). The 
entrance into the hilus takes place in such a manner that the branches of the left pulmonary 
artery are all placed above and in front of the corresponding bronchial rami, while, upon the 
left side, an eparterial bronchus passes to the lung above the branches of the right pulmonary 
artery (see Vol. II, page 103). 

Before birth the ductus arteriosus (Botalli) forms a pervious branch of the pulmonary artery, 
but in the adult it is represented by a slender fibrous band, the ligamentum arteriosum, which 
connects the bifurcation of the pulmonary artery with the concavity of the aortic arch, the aortic 
attachment being situated at the dividing line between the aortic arch and the descending aorta. 
The duct is patulous until birth and forms the direct continuation of the left pulmonary artery 
(see Vol. IT, page 169), while the permanent right and left pulmonary arteries are nothing more 
than subsidiary branches up to the time of birth. 

The branches of the pulmonary arteries ramify in the lungs and pass over into a very dense 
and fine-meshed capillary network which gives origin to the radicals of the pulmonary veins. 
The pulmonary arteries carry venous blood, poor in oxygen and rich in carbon dioxid, which 
is arterialized in the lung—i. ¢., it gives off carbon dioxid and takes up oxygen. 


THE AORTA. 


The aorta is the single, principal trunk of the systemic arterial system, and gives origin 
either directly or indirectly to all of its arteries. Its wall is considerably thicker than that of 
the pulmonary artery and appears intensely yellow in the fresh state on account of its richness 
in elastic tissue. The aorta consists of a short ascending portion, the ascending aorta ; of a curved 
middle portion, the arch oj the aorta; and of a long descending terminal portion, the descending 


Z superficial temporal art. 
, occipital artery 


i A ne 
+ Sternocleidomastoideus 
common facial vein 
_ internal jugular vein 
le/t common carotid artery 
_ external jugular vein 
--- subclavian artery 


external maxillary ar: 
“7 subclavian vein fs 
LP : -- aortic arch 


anterior facial veit 


i right common carotid art.~_ 


’ Pecto/alis minor « 
Pectoralis major 


right innominate vein_ 
“brachial art. 


left innominate vein : f 
Srachial veins 


7] 
: | } 
superior vena cava 7, j : 
innominate artery 
vf - oesophagus 


right auricle, pe 
, Biceps 


abdominal aorta 


cephalic vein. 
- bifurcation of aorta 


diaphragm J 


inferior vena cava_ 
brachial art. 
\ common iliac ait. 


renal veins - 


basilic vein _ 


A ulnar art, 

W external iliac art. 

h Sartorius Be 
radial art. 


| femoral art. 


median cubital vein 
thoraco-epigastric vein 
| | _dleep femoral art, 


\| deep volar arch 
superficial volar arch 


cephalic vein 
basilic vein 


y 


/ 
\// 


hypogastric 
vessels “| 


adductor canal 


4 dorsal carpal rete 
| =4 radial art. 
Gastrocnemius X \ “i 


popliteal art. 


Soleus X. 


post, tibial art. | 


peroneal art, \Y 


4 great Vy 
saphenous | V) 
vein j 


V] Extensor hallucis longus * 
ined. plantar art, jf) ; 

PEE aEOl ; dorsalis pedis art. 
lat. plantar art.p 4 a ; 


plantar arch 


t! eZ 
e GF 
venous arch of dorsum of foot ' Y yr] 


“yg Imonary art : 
a 3 i A aes axillary vein 


NAKeR: to Sie¥, 


The small figure at the 


Fig. 535. ‘The superficial blood-vessels in the male (diagrammatic). The venous systein is shown on the right 


side (the superficial veins of the extremities being shown); the arterial system on the left. 
left shows the deep arteries of the leg; that at the right the arteries of the back of the hand. 


20 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 
Fic. 536.—The arteries and veins of the heart as seen from in front (sternocostal surface). 

A portion of the conus arteriosus and of the commencement of the pulmonary artery has been cut away in order 
to show the origin of the left coronary artery. 
Fic. 537.—The arteries and veins of the heart as seen from behind and below (diaphragmatic surface). 


sulcus in the same direction as the parent trunk, passing between the left auricle and the left 
ventricle toward the diaphragmatic surface of the heart, and giving off branches to the left atrium 
and ventricle. The anterior descending branch runs downward in the anterior longitudinal 
sulcus toward the cardiac apex and ramifies over both ventricles. 

2. The right coronary artery of the heart (Figs. 536 and 537) arises from the right aortic 
sinus and runs in the right half of the coronary sulcus toward the diaphragmatic surface, giving 
off branches to the right atrium and ventricle. One of its terminal branches is of fair size and 
is known as the posterior descending branch; it passes downward in the posterior longitudinal 
sulcus. 

The two coronary arteries are connected only by small precapillary ramifications; larger 
anastomoses do not occur. 

The Arch of the Aorta.—The arch of the aorta (Figs. 518, 538, and 588) gives origin to 
the largest branches of the entire aortic stem, and the caliber of the vessel consequently diminishes 
rapidly in this situation. The convexity of the arch is directed upward and the concavity down- 
ward, and the arch is placed obliquely in the thoracic cavity, since at its commencement at the 
ascending aorta it is directed anteriorly and to the right, while its terminal portion at the descend- 
ing aorta inclines posteriorly and to the left. The root of the left lung is situated in the concavity 
of the arch and the bifurcation of the trachea is behind it, the highest point of the convexity 
corresponding to the level of the body of the third thoracic vertebra. The sharply curved com- 
mencement of the arch lies behind the manubrium and (in childhood) behind the thymus; the 
markedly narrower and flatter left extremity is situated at the left margin of the body of the 
fourth thoracic vertebra, and at its transition to the descending aorta there is usually a narrowing 
of the aortic tube, forming what is termed the aortic isthmus. 

The branches of the aortic arch are subdivided into those which arise from its convexity 
and those which take origin from its concavity or from its posterior wall. The latter are quite 
small and insignificant branches for individual viscera of the thoracic cavity; the former, however, 
are the large arterial trunks for the upper half of the body. Upon the two sides of the body 
the arrangement of the vessels differs considerably, since the arteries for the right half of the 
head and neck and for the right arm spring from a common trunk, the innominate artery, while 
the corresponding parts upon the left side are supplied by the left common carotid and left sub- 
clavian arteries, which arise separately from the aortic arch. 


Although this is the normal arrangement of the branches of the aortic arch, deviations in the order of origin are 
not infrequently encountered, leading either to an increase or a diminution in the number of the branches. The most 
frequent anomalies may almost without exception be easily explained from the mode of the development of the arterial 
system (see page 17) and are as follows: 

1. The right common carotid and subclavian arteries arise directly from the aortic arch instead of from the innomi- 
nate artery. 

2. The left vertebral artery arises directly from the arch of the aorta. 
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Fic. 538.—The large vascular and nervous trunks of the posterior thoracic wall as viewed from in front 
and somewhat from the right. 

* — Location of twelfth rib. ** — Communication between azygos and hemi-azygos veins. 

Fic. 539.—The nerves and arteries of the deeper layer of the left side of the neck; the nerves and vessels 
of the subclavicular fossa (fifth layer of neck). 

There have been removed: the omohyoideus, the internal jugular vein (at « 4% are seen the upper and lower cross- 
sections; x — cross-section of external jugular). The insertion of the sternocleidomastoideus has been reflected upward 
and the splenius capitis divided along the line of the occipital artery. *==Thoraco-acromial vein, which has been 
divided just before its termination in the cephalic vein. 


Since the common carotid artery passes almost directly upward it must cross the obliquely 
placed sternocleidomastoideus; it consequently appears in the carotid fossa at the anterior mar- 
gin of the muscle. In this location the artery is superficial, being covered only by the cervical 
fascia and the platysma, and is situated beside the posterior margin of the thyreoid cartilage and 
the lateral surface of the pharynx. At a variable height, usually at the level of the superior cornu 
of the thyreoid cartilage, the artery bifurcates into its two terminals, the external and the internal 
carotid arteries. 

The common carotid artery gives off no other branches, since the territory through which 
it passes is supplied by the subclavian artery. Only at the site of bifurcation are there some 
fine capillaries which form a minute vascular plexus, the so-called carotid gland or glomus 
caroticum.* 

THE EXTERNAL CAROTID ARTERY. 


The external carotid artery (Figs. 539 to 543, 550, 551, 591 to 593, 687, 691, 692, 699, and 
700) pursues a slightly tortuous course in the same direction as the parent trunk, diminishing 
rapidly in caliber and passing through the carotid and retromandibular fossz to the regicn of 
the external ear. At the neck of the mandible, in the groove between the root of the external 
ear and the temporomandibular articulation, it divides into its two terminal branches. In the 
carotid fossa the artery is superfically placed like the common carotid, and is covered only by 
the superficial fascia, the platysma, and partly also by the common facial vein. It then passes 
beneath the posterior belly of the digastricus and the stylohyoideus, and runs between these 
muscles and the styloglossus to the posterior margin of the ramus of the mandible, being in this 
part of its course directed somewhat backward and inward, and more or less firmly imbedded 
in the substance of the parotid gland. 

Including the two terminals, the external carotid artery usually gives off nine branches. 
Five arise in the carotid fossa, the superior thyreoid, the lingual, the external maxillary (facial), 
the ascending pharyngeal, and the sternocleidomastoid. The occipital and posterior auricular 
arteries arise in the retromandibular fossa, and the two terminals are the superficial temporal 
and the internal maxillary arteries. 

1. The superior thyreoid artery (Figs. 539, 551, 588, 695, 699, and 700) is a fairly large 
vessel which arises from the anterior surface of the external carotid, almost immediately above 


* The only branch which occasionally arises from the common carotid artery is the thyrecidea ima. This origin 


for it is, however, exceedingly rare; usually it arises from the innominate or, in the rarest instances, directly from the 
aortic arch. 
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muscles and the mucous membrane of the tongue, most of which ascend along the fibers of the 
genioglossus, and in the region above the lingual frenulum a larger twig anastomoses with the 
corresponding vessel of the opposite side to form the ranine arch. 

3. The ascending pharyngeal artery (Fig. 693) is a rather small vessel springing from 
the posterior aspect of the external carotid between the origins of the superior thyreoid and lin- 
gual arteries. It occasionally arises from the external maxillary (facial) artery. Together with 
the internal carotid it ascends along the inner side of the external carotid, resting upon the lateral 
surface of the pharynx, the upper portion of which it supplies with several pharyngeal branches. 
These vessels nourish the pharyngeal constrictors, the stylopharyngeus, and the pharyngeal 
mucous membrane, and terminate in the region of the palatine arches by anastomosing with the 
ascending palatine and lingual arteries. The upper extremity of the ascending pharyngeal 
artery extends to the base of the skull, and its two small terminal branches enter the cranial 
cavity. One of these, the posterior meningeal artery, passes through the jugular foramen to 
the neighboring portions of the dura mater; the other, the zjerior tympanic artery, accompanies 
the tympanic nerve through the tympanic canaliculus to the tympanum, where it ramifies upon 
the promontory. 

4. The external maxillary (facial) artery (Figs. 539 to 543, 551, 588, 591 to 593, 687, 
691, and 692) arises in the carotid fossa from the anterior surface of the external carotid, at 
the lower margin of the posterior belly of the digastricus and immediately above the origin of 
the lingual. It passes upward along the inner side of the posterior belly of the digastricus until 
it reaches the submaxillary region, when it runs almost horizontally. forward along the inner 
surface of the base of the mandible, partly concealed by the submaxillary gland. Near the 
anterior margin of the insertion of the masseter the vessel passes over the mandible and pursues 
an oblique and markedly tortuous upward course until it reaches the root of the nose, some 
portions of its course being superficial, while others are situated between the superficial and 
deep layers of the facial muscles. The branches of the external maxillary artery may be sub- 
divided into the ascending palatine from the first portion of the artery, the branches ie 
from the horizontal portion in the submaxillary region, and the facial branches. 

(a) The ascending palatine artery (Figs. 687, 693, and 694) runs upward upon the tatéaat 
wall of the pharynx, passing between the styloglossus and stylopharyngeus. It pierces the 
pharyngeal wall and runs along the pharyngopalatine arch to the soft palate, the isthmus of 
the fauces, and the nasopharynx, giving off in its course a tonsillar branch for the palatine tonsil. 
It anastomoses with the ascending pharyngeal artery (from which vessel it occasionally arises), 
with the descending palatine (see page 29), and with the lingual. This artery not infrequently 
comes off directly from the external carotid, so that the latter vessel then has ten branches. 

In the submaxillary region are given off: 

(b) The glandular branches (Figs. 539 and 687), passing to the submaxillary gland. Simi- 
lar branches are also given off by the next vessel. 

(c) The submental artery (Figs. 539, 543, 551, 592, 687, and 700), a moderately large vessel 
situated upon the lower surface of the mylohyoideus, between the anterior belly of the digas- 
tricus and the border of the mandible and running forward toward the chin. The artery gives 
branches to the neighboring parts (gland, muscles, skin), and upon reaching the skin anastomoses 
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with its fellow of the opposite side and with the facial branches of the external maxillary and 
‘mental arteries. It .js accompanied by the submental vein and the mylohyoid nerve. The 
facial branches are: 

(d) The inferior labial artery (Figs. 541, 542, 691, and 692), which arises at the level of 
the lower teeth at the outer margin of the triangularis, passes behind this muscle and runs in 
the lower lip, either between the muscular fibers or between the musculature and the labial glands 
at the lower border of the red portion of the lip. It anastomoses in the median line with its 
fellow of the opposite side, and its course is usually markedly tortuous. 

(e) The superior labial artery (Figs. 540 to 542, 691, and 692) holds the same relation to 
the upper lip as the preceding vessel does to the lower. It arises from the external maxillary 
at the point where it becomes superficial between the zygomaticus and the zygomatic head of the 
quadratus labii superioris. It pursues a tortuous course, gives off a slender twig to the anterior 
portion of the nasal septum, and anastomoses with the corresponding artery of the opposite 
side. 

(f) The terminal portion of the external maxillary is termed the angular artery (Figs. 540 
to 543, 687, 691, and 692). It runs upward in a tortuous manner behind the ala of the nose and 
along the lateral surface of the dorsum to the medial angle of the eye, where it anastomoses with 
the dorsal nasal artery from the ophthalmic. Like the entire facial portion of the external max- 
illary artery, it gives off in its course numerous small branches to the adjacent musculature and 
forms anastomoses with neighboring arteries. It does not always extend as far as the medial 
angle of the eye. 

5. The sternocleidomastoid artery (Figs. 540 and 700) is a small and fairly constant 
branch for the muscle of the same name. It arises from the posterior surface of the external 
carotid at about the level of the origin of the external maxillary. It loops about the hypoglossal 
nerve and passes downward and forward through the carotid fossa to the anterior margin and 
internal surface of the sternocleidomastoideus. 

6. The occipital artery (Figs. 539 to 543, 551, 696 to 700, and 714) is a large vessel which 
arises from the posterior surface of the external carotid in the retromandibular fossa, above 
the origins of the two preceding vessels. It passes backward and upward between the posterior 
belly of the digastricus and the stylohyoideus, toward the space between the transverse process 
of the atlas and the mastoid process of the temporal bone, in which situation it is covered by 
the anterior margin of the sternocleidomastoideus. It then turns sharply backward, runs in 
the occipital groove behind the mastoid process, covered by the longissimus and splenius capitis, 
becomes markedly tortuous as it passes upward between the semispinalis and trapezius, pierces 
the insertion of the latter muscle near its outer margin, and runs superficially through the scalp 
in the occipital region as far as the vertex. In addition to muscular twigs for the sternocleido- 
mastoideus it gives off the following branches: 

(a) A mastoid (meningeal) branch (Figs. 679, 696, and 714), which passes through the 
mastoid foramen to the dura mater of the posterior cerebral fossa. 

(0) Muscular branches (Figs. 551 and 696) to the muscles of the neck. One of the largest 
of these, the descending branch, passes downward between the splenius and semispinalis capitis 
or between the latter muscle and thé short muscles of the neck, to. anastomose with the vertebral 
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and deep cervical arteries. These branches are given off from the artery as it lies in the occipital 
groove; the remaining branches are given off by the superficial terminal portion of the vessel. 

(c) The auricular branch (Fig. 697) passes anteriorly toward the posterior surface of the 
auricle and anastomoses with the occipital branch of the posterior auricular artery. 

(d) The occipital branches (Figs. 540 to 542, 591, 696, and 714), the actual terminals, are 
vessels of considerable size which ramify between the scalp and the galea aponeurotica as they 
pass through the occipital region to the vertex, where they enter into numerous anastomoses 
with the ramifications of the parietal branch of the superficial temporal artery. In this situation 
a small parietal (meningeal) branch, which enters the skull through the parietal foramen, is fre- 
quently given off. 

7. The posterior auricular artery (Figs. 540, 543, and 687) is also given off in the retro- 
mandibular fossa, immediately above the occipital, and is a vessel of but moderate size. From 
its origin beneath the stylohyoideus it runs backward and upward in the groove between the 
auricle and the mastoid process and there it divides into its terminal branches. With the excep- 
tion of these terminals it gives off only one important branch. 

(a) The stylomastoid artery (Fig. 543) accompanies the facial nerve through the facial 
canal and makes its exit through the hiatus of the facial canal to anastomose with the superficial 
petrosal branch of the middle meningeal artery (see page 28). In its course through the facial 
canal it gives off the following branches: the posterior tympanic artery, passing through the canal- 
iculus chord tympani to the tympanum; mastoid branches to the mastoid cells; and the stapedial 
artery to the stapedius, the obturator membrane of the stapes, and to the stapes itself. 

The two terminal branches arise by the bifurcation of the posterior auricular behind the 
ear and are: 

(b) The auricular branch (Figs. 697 to 700) to the inner surface of the auricle, also giving 
off perforating branches to the outer surface. 

(c) The occipital branch, which passes toward the occiput and anastomoses with the auricular 
branch of the occipital and with the neighboring twigs of the parietal branch of the superficial 
temporal artery. 

8. The superficial temporal artery (Figs. 540 to 543, 591, 592, 687, 691, and 692) is one 
of the two terminal branches of the external carotid. It arises near the neck of the mandible, 
in front of the external auditory meatus, by the bifurcation of the trunk of the external carotid. 
It continues in the upward course of the external carotid and is at first rather deeply placed, 
being covered by the substance of the parotid gland, but becomes superficial just in front of 
the tragus and divides immediately above the zygoma into the parietal and frontal branches. 
Its branches are: 

(a) Parotid branches from the commencement of the vessel to the parotid gland. 

(6) Anterior auricular branches (Figs. 691 and 692), several small twigs to the external 
auditory meatus and to the outer surface of the auricle. 

(c) The transverse jacial artery (Figs, 540 to 543, 691, and 692) runs parallel with the parotid 
duct, between this structure and the zygoma. It passes over the external surface of the masseter 
and ramifies in the neighboring muscles and the skin of the cheek, anastomosing freely with 
other facial arteries (the external maxillary, the buccinator, the infra-orbital). 
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(d) The zygomatico-orbital artery (Figs. 541, 542, 591, 691, and 692) arises near the bifurca- 
- tion of the superficial temporal, frequently from the frontal branch, and runs above the zygoma 
to the region of the lateral angle of the orbit, where it ramifies in the neighboring muscles and 
integument and anastomoses with slender branches of the lachrymal artery. 

(e) The middle temporal artery (Figs. 540, 543, 592, and 687) also arises just before the 
bifurcation of the parent trunk, pierces the temporal fascia immediately above the zygomatic 
arch, penetrates the temporal muscle, runs upward in a groove upon the squamous portion of 
the temporal bone, supplying the temporal muscle, and anastomoses with the deep temporal 
arteries from the internal maxillary. 

(f) The frontal branch (Figs. 540 to 542, 691, and 692), the anterior terminal of the super- 
ficial temporal, pursues a markedly tortuous course immediately beneath the skin, passing forward 
and upward to the frontal region, where it anastomoses with the ramifications of the frontal branch 
of the ophthalmic artery. 

(g) The parietal branch (Figs. 540 to 542, 691, and 692), the posterior terminal of the super- 
ficial temporal, is likewise tortuous and superficially placed; it passes almost vertically upward 
and anastomoses freely upon the parietal bone with the neighboring arteries (the frontal branch, 
the occipital artery, the occipital branch of the posterior auricular artery). 

g. The internal maxillary artery (Figs. 540, 543, 592, and 687) is the second and larger 
terminal branch of the external carotid. It is given off at almost a right angle with the trunk 
of this vessel and passes to the deeper portions of the face, where it pursues a most complicated 
course, its branches corresponding essentially with the twigs of the second and third divisions 
of the trigeminal nerve. Immediately after its origin behind the neck of the mandible it passes 
across the inner surface of this bone, runs forward in a tortuous manner between the muscles 
of mastication (either between the temporalis and pterygoideus externus or between the two ptery- 
goidei), and after traversing the temporal fossa enters the pterygopalatine fossa. ‘The numerous 
branches of the vessel, some of which are of great importance, may be subdivided into the following 
groups according to the region in which they arise: (1) Branches arising at the neck of the man- 
dible—the deep auricular, the anterior tympanic, and the inferior alveolar. (2) Branches given 
off by the vessel in its passage between the muscles of mastication—the middle meningeal, the 
masseteric, the deep temporal, the buccinator, and the pterygoid. (3) Shortly before entering 
the pterygopalatine fossa the vessel gives off the superior posterior alveolar and the infra-orbital 
arteries and breaks up into its terminal ramifications in the pterygopalatine fossa itself. 

(a) The deep auricular artery (Figs. 543 and 687) is a small twig for the external auditory 
meatus and the outer surface of the membrana tympani. 

(b) The anterior tympanic artery (Figs. 543 and 687) arises close to the preceding or with 
it by a common trunk and passes through the petrotympanic fissure to the tympanic cavity. It 
is the largest of the four small tympanic arteries (see under “Organs of Special Sense’’) and 
supplies particularly the anterior portion of the middle ear. 

(c) The inferior alveolar (dental) artery (Figs. 540, 543, and 592) is considerably larger 
than the two preceding vessels and passes downward between the ramus of the mandible and 
the sphenomandibular ligament to the mandibular foramen. Before reaching this orifice it 
gives off a slender mylohyoid branch, which accompanies the nerve of the same name to the mylo- 
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Fic. 543.—The nerves and vessels of the face. (Fifth layer, the internal maxillary artery.) 

The zygomatic arch and the neck and coronoid process of the mandible together with the insertion of the temporalis 
have been completely removed and the temporalis divided along the temporal artery. The pinna of the external ear 
has been cut away and the mandibular canal opened up throughout its entire length. ** = Deep auricular and anterior 
tympanic arteries. *—= Deep auricular branches of auriculotemporal nerve. 


hyoid muscle. Within the mandibular canal the artery gives branches to the individual dental 
alveoli and roots of the teeth, and also gives off a terminal branch, the menial artery, which passes 
through the mental foramen to supply the muscles and integument of the chin and to anastomose 
with the submental and inferior labial arteries. 

(d) The middle meningeal artery (Figs. 543, 679, 682, and 687) is the largest branch of the 
parent trunk; it arises obliquely opposite to the preceding vessels and passes upward upon the 
internal surface of the pterygoideus internus to the foramen spinosum, giving off in its course 
slender twigs to the neighboring muscles (the pterygoideus externus and the palatal muscles). 
Before entering the foramen spinosum it gives off a small accessory meningeal branch, which passes 
through the foramen ovale to the semilunar ganglion of the trigeminal nerve. In the cranial 
cavity the artery gives off small twigs to the petrous portion of the temporal bone. The superji- 
cial petrosal branch (Fig. 679) passes with the nerve of the same name to the hiatus of the facial 
canal and anastomoses with the stylomastoid branch of the posterior auricular artery; it supplies 
the tensor tympani and gives off the superior tympanic artery (Fig. 679) to the tympanum, al- 
though this vessel may arise independently from the middle meningeal itself. This superior 
tympanic artery runs in the groove for the lesser superficial petrosal nerve, reaches the promontory 
in the tympanum together with this nerve by passing through the aperture of the superior tympanic 
canaliculus, and is distributed particularly to the epitympanic recess. 

The trunk of the middle meningeal artery now immediately divides into a larger anterior 
and a somewhat smaller posterior branch. The ramifications of these vessels are situated in the 
dura mater, close to the bone in the sulci arteriosi (occasionally even within the bone in some 
portion of their course), and reach the cranial vault by passing upward upon the internal surface 
of the lateral wall of the cranium. The.anterior branch passes over the greater wing of the 
sphenoid and the anterior portion of the parietal bone and extends as far as the frontal bone; 
the posterior branch runs across the squamous portion of the temporal bone to the occipital bone. 

(e) The masseteric artery (Figs. 591 and 592) is a rather small vessel which, together with 
the nerve of the same name, runs through the mandibular notch to the internal surface of the 
masseter. It is not the only vessel for this muscle, its external surface being supplied by branches 
of the transverse facial artery. Instead of arising independently from the internal maxillary 
the masseteric artery frequently comes from the following vessel. 

(j) The posterior deep temporal ariery (Figs. 543 and 687) passes upward to the temporal 
muscle, which it supplies in association with the following vessel and the middle temporal. It 
runs posterior and approximately parallel to the sphenosquamous suture, and is situated in 
the muscle itself and not upon the bone. 

(g) The anterior deep temporal artery (Figs. 543 and 687) runs in front of and parallel to 
the preceding vessel and is in direct contact with the temporal surface of the greater wing of 
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the sphenoid bone. It also supplies the temporalis and usually gives off a small branch through 
.the zygomaticotemporal foramen in the zygomatic (malar) bone, which, together with the zygo- 
maticofacial nerve, passes to the integument of the cheek and through the zygomatico-orbital 
foramen to the orbit, where it may take part in supplying the lachrymal gland by anastomosing 
with the lachrymal artery. 

(h) The pterygoid branches (Fig. 543) are a number of variable twigs for the muscles of 
the same name. They may originate either directly from the internal maxillary or from one 
of its branches (the buccinator or the deep temporals). 

(i) The buccinator artery (Figs. 540, 543, 691, and 692) usually arises between the two 
deep temporal arteries, but from the opposite side of the trunk, since it passes downward. 
Together with the nerve of the same name it runs between the masseter and the. buccinator, 
curves anteriorly, ramifies in the buccinator muscle which it pierces, and is also distributed to the 
mucous membrane of the cheek and the neighboring facial muscles. It anastomoses freely 
with the branches of the external maxillary, transverse facial, and other arteries. 

(j) The posterior superior alveolar (dental) artery (Fig. 543) arises from the internal max- 
illary, as this vessel rapidly diminishes in caliber before entering the pterygopalatine fossa, and 
divides into several branches which enter the alveolar foramina of the maxillary tuberosity, run 
through bony canals to the roots of the upper molar and premolar teeth, and also supply the 
neighboring gum and the mucous membrane of the maxillary sinus. 

(k) The injra-orbital artery (Figs. 540, 543, 591, 592, 691, and 692) is a vessel of fair size 
which runs through the infra-orbital canal of the superior maxilla (see Vol. I, page 66). The 
artery enters the orbit through the inferior orbital fissure, runs along the orbital floor in the infra- 
orbital sulcus, passes through the infra-orbital canal, and reaches the deeper portions of the 
face through the infra-orbital foramen. In the orbit it gives off branches to the inferior oblique 
and rectus muscles and to the orbital contents in general; in the infra-orbital canal it gives origin 
to the anterior superior alveolar (dental) arteries, which run, together with the nerves of the same 
name, in the wall of the maxillary sinus to the upper canine and incisor teeth. The terminal 
ramification of the artery takes place in front of the infra-orbital foramen in the overlying and 
adjacent muscles, where it anastomoses with the neighboring arteries (the superior alveolar, 
the angular, and others). | 

The two terminal branches of the internal maxillary artery arising in the pterygopalatine 
fossa are: 

(1) The descending palatine artery (Fig. 685) which gives off the small (Vidzan) artery of 
the pterygoid canal, passing through the pterygoid canal with the nerve of the same name to 
reach the upper portion of the pharynx. As it passes downward through the pterygopalatine 
canal the descending palatine artery subdivides into two branches corresponding to the bifurca- 
tion of the canal. The larger anterior one is the greater palatine artery, which passes to the 
mucous membrane of the hard palate and to the gum and anastomoses with branches of the 
nasal arteries through the incisive canal. The smaller posterior ones are the lesser palatine 
arteries, which pass through the posterior palatine foramina to the soft palate, the palatine arch, 
and the palatine tonsil, and anastomose with the branches of the ascending pharyngeal and 
particularly with the ascending palatine artery. 
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Frc. 544.—The nerves and arteries of the nasal septum and of the tongue. 
* = Divided posterior pharyngeal wall. ** = Sphenoidal sinus. 
Fic. 545.—The nerves and arteries of the outer nasal wall and of the palate. 

The tongue has been drawn out, all of the nasal septum except its lower portion removed, and the mucous mem- 
brane of the faucial isthmus divided along the glossopharyngeal nerve and the ascending palatine artery. ** = Sphe- 
noidal sinus. *—= Divided branches to nasal septum. *** = Anastomosis between nasopalatine and anterior palatine 
nerves. * + = Mucous membrane of hard palate. 

Fic. 546.—The nerves and arteries of the orbit. (Third layer.) 

Dissection as in Fig. 683. The rectus superior, obliquus superior, and levator palpebra superioris have been 

divided and the rectus lateralis drawn slightly to one side. * = Branch of oculomotor nerve to rectus medialis. 
Fic. 547.—The nerves and arteries of the orbit. (Fourth layer.) 

Dissection as in Fig. 546. The rectus lateralis, the optic nerve, and the anterior portion of the ophthalmic artery 
have been divided, and the eyeball with the stump of the optic nerve rolled forward to show the ramification of the lower 
branch of the oculomotor nerve. The canals for the anterior and posterior ethmoidal arteries and veins have also been 
opened, ** = Branch of oculomotor nerve to rectus inferior; *** = to obliquus inferior. 


(m) The sphenopalatine artery (Figs. 544, 545, and 685), the second of the terminal branches 
of the internal maxillary, is the largest artery of the nasal cavity. It passes through the spheno- 
palatine foramen to the nasal cavity, where it ramifies upon the posterior portions of the outer 
nasal wall and of the nasal septum. Its branches are termed the posterior external nasal arteries 
and the posterior artery of the nasal septum. The latter vessel accompanies the nasopalatine 
nerve through the incisive canal to meet the anterior palatine artery. Slender twigs are given 
off to the frontal and maxillary sinuses and a branch passes through the pharyngeal canal (see 
Vol. I, page 49) to the pharynx. 


‘THE INTERNAL CAROTID ARTERY. 


The internal carotid artery (Figs. 543, 546 to 549, 687, and 693) continues upward approxi- 
mately in the same direction as the common carotid. It is situated deeply in the retromandibular 
fossa near the lateral wall of the pharynx, internal and posterior to the external carotid artery, 
from which it is separated by the styloglossus and stylopharyngeus. The artery is accompanied 
by the internal jugular vein, which is placed to its outer side and somewhat posterior, and in its 
immediate neighborhood are the sympathetic trunk with its superior cervical ganglion, the 
vagus nerve with its nodular ganglion (posterior or postero-external), the glossopharyngeal 
nerve (anterior), and the hypoglossal nerve (external). The course of the artery is fairly straight 
and it gives off no branches until it reaches the base of the skull. Shortly before entering the 
carotid canal it makes an S-shaped curve, then runs through the canal surrounded by a sym- 
pathetic and a venous plexus, leaves the canal through the internal carotid foramen, and passes 
upward and forward between the two layers of the dura mater in the carotid sulcus of the sphenoid 
bone and enclosed within the cavernous sinus (see page 86) until it reaches the anterior clinoid 
process. In this situation the artery curves upward and slightly backward, the convexity of 
the curve being anterior, to pierce the dura mater and reach the brain. 

The artery is peculiar in that during its course through the petrous portion of the temporal 
bone it gives off only a very small twig to the tympanum, and during its course beneath the dura 
mater it likewise gives off only insignificant branches to the surrounding structures (to the semi- 
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lunar ganglion of the trigeminal nerve, to the hypophysis, etc.). The first branch of consider- 
able size is the ophthalmic artery; all other branches go to the brain. 

The branches of the internal carotid artery are: 

a3.) he caroticotympanic branch, which arises from the vessel as it passes through the petrous 
portion of the temporal bone, and runs through the caroticotympanic canal to the tympanum. 

2. The ophthalmic artery (Figs. 546, 547, 682, and 683) arises from the convexity of the 
last curve in the course of the internal carotid, at the inner side of the anterior clinoid process, 
and passes together with the optic nerve through the optic foramen into the orbit. The artery 
is at first internal to the optic nerve, at the optic foramen it is inferior, and upon leaving the 
foramen it is external. It next crosses over the nerve obliquely toward the inner wall of the 
orbit, where it pursues a tortuous course along the superior oblique muscle as far as the trochlea, 
beneath which it divides into its terminals. Its branches are: 

(a) The lachrymal artery (Figs. 546 and 547), which arises beneath the levator palpebre 
superioris and the rectus superior, and runs forward to the lachrymal gland between these mus- 
cles and the rectus lateralis, near the outer wall of the orbit. It gives off small twigs to the adjacent 
muscles and supplies the lachrymal gland and the external portion of the conjunctiva. Its ter- 
minal branches are the lateral palpebral arteries for the outer halves of both lids. It anastomoses 
with the branches of the anterior deep temporal artery which enter the orbit, and with the zygo- 
matico-orbital artery (see page 27). 

(0) The muscular branches (Figs. 546, 547, 682, 683, and 743) supply the numerous mus- 
cles of the orbit, some of them occasionally arising from branches of the artery instead of from 
the vessel itself. They give off the anterior ciliary arteries to the eyeball.* 

(c) The posterior ciliary arteries (Figs. 547, 682, 731, 743, and 744) are subdivided, according 
to their course in the eyeball, into the Jong and short posterior ciliary arteries, the long being two 
in number and the short four or five small twigs. They arise from the ophthalmic itself or from 
one of its larger branches, and pierce the sclerotic in the posterior portion of the eyeball. (For 
further details see under ‘‘Organs of Special Sense.”’) Their origins, like those of the following 
vessels, are situated in the most posterior portion of the orbital cavity, where the ophthalmic 
artery passes transversely above the optic nerve. 

(d) The central artery of the retina (Figs. 742 and 745) arises together with the preceding 
vessels and penetrates the optic nerve about 1 cm. behind the eyeball, by piercing the outer and 
lower portion of the sheath of the nerve. It runs in the axis of the nerve to the retina. (For 
further details see under ‘‘Organs of Special Sense.’’) 

(e) The anterior ciliary arteries (Figs. 731, 743, and 744) are very slender twigs, seven 
to eight in number, which usually originate from the muscular branches and pass to the eyeball 
with the tendons of the straight ocular muscles. (For further details see section on “Organs 
of Special Sense.”’) 

({) The supra-orbital artery (Figs. 546, 682, and 683) pursues a rather tortuous course and, 
in company with the nerve of the same name, passes between the peri-orbita and the levator 
palpebre superioris to the supra-orbital foramen, giving off small branches to the surrounding 


* The conjunctival and episcleral arteries are also derived from the muscular branches. (For details see under 
“Organs of Special Sense.”’) 
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Fic. 548.—The arteries of the base of the brain. 
Upon the right side, the tip of the temporal lobe, the cerebellar hemisphere, and the optic nerve have been removed. 
Fic. 549.—The arteries of the mesial surface of the cerebrum and of the surface of the cerebellum. 
The left cerebral hemisphere has been removed by a median section of the corpus callosum and by an oblique 
section of the cerebral peduncle. 


tissues and to the musculature and integument of the forehead. It anastomoses with the frontal 
and zygomatico-orbital arteries and with the frontal branch of the superficial temporal artery. 

(g) The posterior ethmoidal artery (Figs. 546 and 547), an insignificant vessel, passes through 
the foramen of the same name and ramifies in the ethmoid cells and partly also in the contiguous 
portion of the nasal cavity. 

(h) The anterior ethmoidal artery (Figs. 546 and 547), a larger vessel than the preceding, 
enters the cranial cavity through the anterior ethmoidal foramen, lies upon the upper surface 
of the cribriform plate of the ethmoid bone, where it gives off the anterior meningeal artery to the 
dura mater of the anterior cerebral fossa, and passes through the cribriform plate into the nasal 
cavity, the anterior part of which it supplies by dividing into the anterior lateral nasal artery for 
the lateral wall and the anterior artery of the septum. 

After giving off these branches the trunk of the ophthalmic artery is much reduced in size 
and, upon reaching the anterior medial portion of the orbit, divides into the following three 
terminals: 

(t) The medial palpebral artery or arteries (Figs. 691 and 692) run to the medial halves of 
the eyelid, forming the superior and inferior tarsal arches with the lateral palpebral arteries. 

(7) The frontal artery (Figs. 541, 542, 546, 691, and 692) contmues in the direction of the 
ophthalmic stem and is consequently to be regarded as the actual terminal branch. Accompanied 
by the nerve of the same name it runs through the frontal notch and is reflected over the upper 
margin of the orbit to the musculature and integument of the forehead, where it anatomoses 
with the supra-orbital artery and with the frontal branch of the superficial temporal. 

(k) The dorsal artery of the nose (Figs. 546, 691, and 692) pierces the orbicularis oculi 
above the medial palpebral ligament and ramifies in the skin and muscles in the vicinity of the 
medial angle of the orbit. In this situation it anastomoses with the angular artery, the terminal 
branch of the external maxillary. 


THE CEREBRAL BRANCHES OF THE INTERNAL CAROTID ARTERY. 


Immediately after piercing the dura mater at the base of the brain the internal carotid artery 
divides into four branches: 

3. The posterior communicating artery (Figs. 548 and 549), usually quite small in size,* 
runs past the tuber cinereum and the mammillary bodies to the posterior cerebral artery, the 
terminal branch of the vertebral. It gives off branches to the neighboring portions of the base 
of the brain and forms the connection between the two principal cerebral arteries. 

4. The chorioid artery (Figs. 548, 636, and 638) is a small twig which passes along the optic 


* The posterior communicating artery is occasionally large upon one side, especially if the vertebral artery of the 
same side be small. 
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tract to the lateral surface of the crus cerebri, in which situation it enters the inferior horn of 
the lateral ventricle to supply the chorioid plexus. 

5. The anterior cexebral artery (Figs. 548 and 549) is considerably larger than the two pre- 
ceding vessels, but smaller than the middle cerebral, and is one of the two terminals of the internal 
carotid artery. The arteries of the two sides are connected with each other at the base of the 
brain in front of the optic chiasm and lamina terminalis by the anterior communicating artery, 
which, though of fair caliber, is but a few millimeters in length. The hypophyseal region of 
the base of the brain is consequently surrounded by a circular anastomosis of the four vessels 
supplying the brain, and this anastomotic ring is designated as the arterial circle of Willis. The 
carotids of the two sides are connected with each other by means of the anterior communicating 
artery, while upon either side the internal carotid is connected by the posterior communicating 
branch with the terminal branch of the basilar artery of the same side (see page 36). 

Before the anterior cerebral artery gives off the anterior communicating artery it sends 
small twigs into the foramina of the anterior perforated substance. After the origin of the com- 
municating branch the trunk of the vessel sinks into the longitudinal cerebral fissure, runs upon 
the upper surface of the corpus callosum beside or above the artery of the opposite side, and 
ramifies chiefly upon the medial surface of the cerebral hemisphere. 

6. The middle cerebral artery (Figs. 548 and 549), the second terminal of the internal carotid, 
runs laterally to enter the lateral (Sylvian) fissure, in which situation it gives off its branches. 
The main ramifications are to the convolutions of the temporal, occipital, and parietal lobes, 
which surround the lateral fissure, and to the convolutions of the insula. Shortly after its origin 
the artery sends branches through the posterior perforated substance to the corpus striatum. 


‘THE SUBCLAVIAN ARTERY. 


The subclavian artery (Figs. 538, 539, 55°, 551, 699, and 700) supplies the entire upper 
extremity including the region of the shoulder, the greater portion of the cervical and nuchal 
regions, the upper and middle portions of the thoracic wall, some of the cervical viscera, the 
posterior portion of the brain, and the upper portion of the spinal cord. ‘There is scarcely another 
artery in the body which has so large an area of distribution. 

Its origin differs upon the two sides, inasmuch as the right artery comes from the innomi- 
nate, while the left arises directly from the aortic arch. The left subclavian artery is conse- 
quently longer than the right and runs for a short distance through the thoracic cavity behind 
the left innominate vein. Its origin from the aortic arch is immediately lateral to that of the 
left common carotid artery, and from this point it runs behind the outer portion of the sterno- 
clavicular joint and reaches the neck by passing through the superior thoracic aperture. The 
further relations and course of the vessels are the same upon both sides. 

The artery is known as the subclavian until it passes behind the clavicle and the subclavius 
muscle, when it is called the axillary artery; upon leaving the axilla and passing to the upper 
arm the vessel again changes its name and is designated as the brachial artery. It does not 
divide into its terminal branches until it reaches the bend of the elbow, and the subclavian, 
axillary, and brachial arteries consequently form a continuous stem, the differentiation into 
three parts being purely regional. 
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Fic. 551.—The nerves and arteries of the deep layers of the neck and of the axilla. (Sixth layer of neck, 
deeper layer of the axilla, see also Fig. 552.) 

The greater portions of the infrahyoid muscles and of the common carotid artery have been removed; the clavicle 
has been disarticulated at the sternoclavicular joint,and sawn through at about its middle. The pectoralis major and 
minor have been divided and the deltoid incised along the deltoid branch of the thoraco-acromial artery. *— Accessory 
sympathetic ganglion. 

Fic. 552.—The deeper layer of the vessels and nerves of the axilla. 
The pectoralis major has been divided (as has the sternocleidomastoideus in the neck) and reflected to either side. 


then in front of the medulla oblongata. At the junction of the medulla with the pons the arteries 
of the two sides unite at an acute angle to form the unpaired basilar artery. 

The chief ramification of the vertebral artery takes place in the cranial cavity. In the 
neck it gives off only a few unimportant branches; these are: 

(a) Spinal branches, which pass through the intervertebral foramina of the cervical column 
to the membranes of the spinal cord and to the spinal cord itself. 

(b) Muscular branches (Fig. 696), several small vessels which pass to the nuchal muscles 
and anastomose with the occipital, the deep cervical, and the ascending cervical arteries. 

(c) A meningeal branch (Fig. 679) passes through the great occipital foramen to the neigh- 
boring portions of the dura mater. 

In the cranial cavity the artery gives off: 

(d) The posterior spinal artery (Fig. 549), a very slender twig arising at the level of the 
foramen magnum and uniting upon the posterior aspect of the spinal cord with its fellow of the 
opposite side to form an elongated network, which is continued throughout the thoracic and 
lumbar portions of the spinal cord by anastomoses with the spinal branches of other arteries 
(see below). 

(ec) The anterior spinal artery (Figs. 548 and 549) is larger than the preceding vessel and, 
after a short course, joins with its fellow of the opposite side to form a single artery, which runs 
downward in a tortuous manner in front of the anterior median fissure of the spinal cord and 
is continued to the inferior extremity of the cord by the spinal branches of the vertebral, inter- 
costal, and lumbar arteries. Some of its branches penetrate the spinal cord through the anterior 
median fissure, while others form transverse anastomoses in the pia mater with the branches 
of the posterior spinal arteries. 

Before the vertebral arteries unite to form the basilar, each vessel gives off one of the cere- 
bellar arteries. 

(}) The posterior injerior cerebellar artery (Figs. 548 and 549) arises at the lateral surface 
of the medulla oblongata, frequently below the preceding vessel, and is much larger than either 
the anterior or the posterior spinal branches. It passes laterally, backward, and downward to 
the under surface of the posterior half of the cerebellar hemisphere and to the lower portion of 
the vermis of the cerebellum; it also gives off slender twigs to the medulla oblongata. 

The Basilar Artery.—The basilar artery (Figs. 548 and 549) is formed by the junction at 
an acute angle of the two vertebral arteries, at the dividing-line between the medulla and the 
pons. It is a large single vessel which runs over the clivus, and along the antero-inferior surface 
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of the pons, being situated exactly in the median line and producing the basilar pontine sulcus. 
_Upon reaching the anterior superior border of the pons it breaks up into two terminals in the 
interpeduncular fossa. All of its branches are paired. They are: 

1. The pontine branches (Fig. 548), small direct twigs to the pons. 

2. The anterior injerior cerebellar artery (Figs. 548 and 549) passes transversely across 
the posterior portion of the pons, usually behind the abducent nerve, and between the acoustico- 
facial and vago-glossopharyngeal trunks, and ramifies upon the anterior superior portion of the 
under surface of the cerebellar hemisphere. 

3. The internal auditory artery (Fig. 548) is a slender vessel which runs parallel with the 
preceding and accompanies the acoustic nerve through the internal auditory meatus to the internal 
ear. It anastomoses with the stylomastoid branch of the posterior auricular artery. (For further 
details see “The Ear.’’) 

4. The superior cerebellar artery (Figs. 548 and 549) runs almost transversely across the 
anterior portion of the pons, and then turns upward and backward to ramify upon the upper 
surface of the cerebellar hemisphere and on the superior vermis. Small twigs pass to the corpora 
quadrigemina, the pineal body, and the tela chorioidea of the third ventricle. 

5. The posterior cerebral artery (Figs. 548 and 549), the paired terminal branch of the basilar, 
is separated at its origin from the preceding vessel by the oculomotor nerve. It first runs out- 
ward and somewhat forward, then bends backward and upward around the crus cerebri until 
it comes to lie above the tentorium cerebelli, and ramifies chiefly upon the concave inferior sur- 
face of the temporal and occipital lobes, its branches extending toward the convexity of the 
hemisphere. : 

Shortly after its origin it is joined by the posterior communicating artery from the internal 
carotid (see page 32), the lateral portion of the arterial circle of Willis being thus completed. 
Tn addition to the branches to the cerebral hemisphere, it gives off slender twigs to the interpedun- 
cular fossa, the mammiillary bodies; the cerebral peduncle, the posterior extremity of the thalamus, 
the superior colliculi, the splenium of the corpus callosum, the inferior horn of the lateral ven- 
tricle, and the chorioid plexus of this and of the third ventricle. 

2. The internal mammary artery (Figs. 539, 550, and 553) arises from the subclavian 
almost exactly opposite the vertebral and from the concavity of the beginning of the subclavian 
arch. It passes over the anterior surface of the pleural cupola, behind the subclavian vein, to 
the posterior surface of the sternoclavicular joint and of the muscles arising in this situation (the 
sternohyoideus and the sternothyreoideus). It then passes almost directly downward upon the 
posterior surface of the costal cartilages, about 1 cm. from the sternal margin, being in relation 
posteriorly with the costal pleura and the transversus thoracis, and at the level of the fifth or 
sixth costal cartilage divides into its terminals. The artery sends numerous branches to the 
anterior thoracic and abdominal walls, to the thoracic viscera, to the pericardium, and to the 
diaphragm, all the branches being given off after the artery enters the superior thoracic aperture. 
The branches are: 

(a) The anterior mediastinal arteries, small twigs which pass to the lymphatic nodes situated 
in the anterior mediastinum, and to the large vessels. 

(6) The thymic arteries, small branches to the thymus gland. 
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(c) The bronchial branches go to the bifurcation of the trachea and follow the bronchus 
to the pulmonary hilus, where they anastomose with the bronchial arteries from the aorta. 

(d) The pericardiacophrenic artery (comes nervi phrenici) (Fig. 701) is a very long slender 

vessel which, together with the phrenic nerve, passes downward upon the lateral surface of the 

pericardium, covered by the pericardiac pleura, and ramifies in the pericardium and also in 

the diaphragm. 

(e) The perjorating branches (Fig. 593), seven to eight in number, pierce the internal inter- 
costal muscles in the anterior portions of the intercostal spaces and give off cutaneous branches 
to the integument of the chest and muscular branches to the thoracic musculature (pectoralis 
major). ‘The third, fourth, and fifth perforating branches in the female give off mammary branches 
to the mammary gland; the first is frequently of considerable size and makes its appearance 
between the two heads of the sternocleidomastoideus. The perforating branches also give off 
small sternal branches to the posterior surface of the sternum. 

(7) The anterior intercostal arteries (Fig. 553) run in the anterior portions of the upper 
five or six intercostal spaces and anastomose with the anterior extremities of the posterior inter- 
‘costal arteries from the aorta. 

(g) The musculophrenic artery (Fig. 553), one of the terminal branches of the internal mam- 
mary, passes along the upper margin of the costal origin of the diaphragm and upon the inner 
surface of the costal arch, from the sixth to the tenth costal cartilages. It gives off the anterior 
intercostal branches for the sixth or the seventh to the tenth intercostal spaces, and sends numerous 
muscular branches to the costal portion of the diaphragm and to the contiguous portion of the 
transversus abdominis. 

(h) The superior epigastric artery (Fig. 553) is the real termination of the internal mammary 
and extends to the abdomen in the direction of its parent trunk. At the level of the seventh 
costal cartilage it passes through the space between the costal and sternal portions of the diaphragm 
and sinks into the substance of the rectus abdominis, which it supplies. Within this muscle 
numerous small twigs of the vessel anastomose with the inferior epigastric artery from the 
external iliac, an anastomosis between the artery of the upper and that of the lower extremity 
being thus brought about. The superior epigastric artery also gives off fine branches which 
anastomose with branches of the hepatic artery in the falciform ligament of the liver. 

The lateral costal branch is described as an anomalous branch of the internal mammary artery of occasional occur- 
rence. It is formed by the union of a number of the anterior intercostal branches, usually at the level of the third rib, 
and passes downward and outward as far as the fifth rib. 

3. The thyreocervical trunk (Figs. 539, 550, and 551) arises immediately lateral to the 
vertebral artery from the convexity of the arch of the subclavian. It is a short, thick trunk which 
usually breaks up into four arteries, although occasionally one or more of these may arise inde- 
pendently from the subclavian artery itself. The direct continuation of the trunk, the injerior 
thyreoid artery, is the largest of these branches, while the other three appear rather as accessory 
branches. Two of them, the superficial and the ascending cervical arteries, often arise by a 
short common stem; the fourth, the ‘ransverse scapular artery, is a distinctly separate branch 
of the trunk and is the branch of all others which most frequently springs directly from the trunk 


of the subclavian. 
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(a) The inferior thyreoid artery (Figs. 539, 551, 588, and 694) is a rather large vessel, which 
at first passes vertically upward along the inner margin of the scalenus anterior and behind the 
common carotid. It then curves medially and, in front of the vertebral artery, passes between 
the common carotid and the cesophagus to’ the lateral surface of the trachea and to the thyreoid 
gland, where it ends in numerous large glandular branches which enter the posterior aspect of 
the thyreoid. From one of these twigs proceeds the imjerior laryngeal artery, which pierces the 
lateral wall of the pharynx, gives off pharyngeal branches, and ramifies upon the posterior surface 
of the larynx, anastomosing with the superior laryngeal artery from the superior geht he The 
inferior thyreoid artery also gives off esophageal and tracheal branches. 

(b) The superficial cervical artery (Figs. 539, 550, 588, 699, and 700) at first lies upon the 
medial surface of the sternocleidomastoideus and of the scalenus anterior, and then runs almost 
transversely laterally and backward through the supraclavicular fossa, approximately parallel 
with the clavicle and rather superficial, being covered only by the superficial cervical fascia, the 
platysma, fatty tissue, and lymphatic glands. It ramifies in the integument and neighboring 
muscles, usually extending to the trapezius, and may take the place of the ascending branch 
of the transverse cervical artery when this vessel is unusually small. ; 

(c) The ascending cervical artery (Figs. 539, 550, 551, and 700) passes upward beside the 
phrenic nerve upon the anterior surface of the scalenus anterior, then passes upon the longus 
colli. It is covered by the sternocleidomastoideus and the internal jugular vein, and is situated 
in front of the transverse processes of the cervical vertebra. It gives muscular branches to the 
neighboring muscles and spinal branches to the vertebral canal. A larger deep branch is occa- 
sionally given off, passing to the nuchal musculature in the region of the fifth cervical vertebra, 
where it anastomoses with and may sometimes entirely replace the deep cervical artery. 

(d) The transverse scapular (suprascapular) artery (Figs. 539, 550, 552, 699, 703, and 704) 
passes transversely in front of the scalenus anterior to the clavicle, at first running parallel with 
the superficial cervical artery and then taking a downward direction. It gives off small branches 
to the neighboring muscles, passes behind the clavicle, sends an acromial branch through the 
insertion of the trapezius to the acromial rete (see page 49), and runs over the superior transverse 
scapular ligament to reach the supraspinous fossa. It finally passes into the infraspinous fossa 
between the neck of the scapula and the inferior transverse scapular ligament, supplies the supra- 
spinous and infraspinous muscles and the shoulder-joint, and anastomoses with the circumflex 
scapular artery from the axillary. 

4. The costocervical trunk (Fig. 550) arises as a short, thick stem from the posterior 
surface of the subclavian artery and is of approximately the same caliber as the thyreocervical 
trunk. It runs upward a short distance behind the scalenus anterior and divides at once into 
an ascending and a descending terminal branch. 

(a) The superior intercostal artery (Fig. 538), the descending terminal, runs downward 
in front of the neck of the first rib and furnishes the intercostal arteries for the first and second 
intercostal spaces, these pursuing a course similar to that of the remaining intercostal arteries 
(see page 53). 

(6) The deep cervical artery (Fig. 696), the ascending terminal, which is not always present, 
passes backward beneath the transverse process of the seventh cervical vertebra and then upward 
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behind the transverse processes of the cervical vertebra, between the semispinalis capitis and 
semispinalis cervicis, to the level of the axis. In addition to numerous muscular branches it also 


‘sends spinal branches. through the lower intervertebral foramina of the cervical column to the ” 


vertebral canal. The artery anastomoses with branches of the ascending cervical, with the verte- 
bral, with the occipital, and occasionally also with the ascending branch of the transverse cervical. 

5. The transverse cervical artery (Figs. 539, 552, 696, 699, 700, and 714) is the only 
branch which arises from the terminal portion of the subclavian, and its size, course, and origin 
are quite variable. It is situated deeply in the supraclavicular fossa, in front and to the outer 
side of the scalenus medius, and passes between the cords of the brachial plexus. In front of 
and lateral to the vessel is the inferior belly of the omohyoideus, as well as lymphatic nodes, 
fatty tissue, the cervical fascia, and the platysma. It runs laterally and backward, giving off 
muscular branches to the levator scapule, and at the anterior margin of the trapezius or some- 
what beyond it divides into a smaller ascending and a larger descending branch. The ascending 
branch passes upward between the trapezius and the levator scapule or between the latter muscle 
and the splenius, and anastomoses with the other nuchal arteries according to its degree of devel- 
opment. The descending branch runs downward along the vertebral border of the scapula, 
being situated between the rhomboidei and the serratus posterior superior. It is the largest 
artery of the back; it anastomoses with numerous branches of the axillary artery and pierces 
the serratus anterior at the inferior angle of the scapula to reach the subscapular fossa. 

When the transverse cervical artery is anomalous, it is most frequently replaced by the 
superficial cervical, which, under these circumstances, is unusually large.** 


THE AXILLARY ARTERY. 


The axillary artery (Figs. 539, 550, 552, 554, 555, and 703) is the continuation of the sub- 
clavian through the axillary fossa. It is accompanied by the vein of the same name, which 
lies medially and somewhat anterior, and by the brachial plexus which is mostly lateral, but 
which partly surrounds the artery. The upper portion of the vessel is covered by the clavicular 
origin of the pectoralis major, the middle portion by the pectoralis major and minor, and the 
lower portion by the insertion of the pectoralis major, the axillary artery becoming the brachial 
at the lower margin of the latter muscle. The upper portion of the axillary artery is rather close 
to the thoracic wall and is in relation medially with the musculature overlying the outer surface 
of the thorax, particularly with the upper portion of the serratus anterior. ‘The artery then 


* [Bean (Amer. Jour. Anat., Vol. IV, 1905) found from a statistical study that the variations in the origin of the 
branches of the subclavian artery might be referred to five different types. Two of these types included 57 per cent. 
of the cases examined, one of them, occurring in 22 per cent. of cases on the right side of the body and in only 8 per 
cent. on the left side, having the inferior thyreoid, transverse scapular, and superficial cervical branches arising from the 
thyreocervical trunk, while the transverse cervical arises independently from the subclavian behind the scalenus anterior. 
The other principal type occurred in 22 per cent. of cases on the left side of the body and in only 5 per cent. on the 
right side, and was characterized by the inferior thyreoid, transverse scapular, and transverse cervical branches arising 
from the thyreocervical trunk, while the superficial cervical was wanting, its place being taken by small branches from 
the transverse cervical. In a third type, which occurred in 22 per cent. of cases, and about equally on either side, the 
thyreocervical trunk gave origin to the inferior thyreoid and superficial cervical branches, the transverse cervical and 
transverse scapular both arising independently from the subclavian, the former behind the scalenus anterior and the 


latter distal to it—Ep.] 


42 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


Fic. 554.—The nerves and vessels of the flexor surface of the upper arm. 
Fic. 555.—The same dissection as Fig. 554, after the removal of the veins. 
The biceps brachii has been drawn outward. 


passes away from the thoracic wall toward the arm, where it is at first situated between the inser- 
tion of the subscapularis and the coracoid process, and subsequently between the insertion of 
the subscapularis and the common origin of the coracobrachialis and the short head of the biceps. 
It leaves the axillary fossa between the tendon of the pectoralis major and those of the latissimus 
dorsi and teres major, and is separated from the integument of the armpit by a thin layer of 
fascia and particularly by the axillary lymphatic nodes. 

From the axillary cavity the artery supplies branches to the entire region of the shoulder 
and its ramifications extend not only to the thoracic wall but also to the back. ‘The anterior 
wall of the axilla is supplied chiefly by the thoraco-acromial artery and its branches, the posterior 
wall by the large subscapular artery, the inner wall by the lateral thoracic artery, and the outer 
wall by the circumflex humeral arteries. In their order of origin the branches of the axillary 
artery are as follows: 

1. The superior thoracic artery is an inconstant branch. When present it arises from 
the commencement of the axillary immediately below the subclavius, and passes chiefly to the 
posterior surface of the pectoralis major, to the pectoralis minor, and to the upper portion of 
the serratus anterior. When absent the artery is replaced by branches of the following vessel: , 

2. The thoraco-acromial artery (Figs. 539, 551, 552, and 699), the first large branch of 
the axillary, arises at the upper margin of the pectoralis minor, passes anteriorly to the pectoralis 
majcer, which covers it, and after a very short course breaks up into its branches. 

(a) The pectoral branches (Fig. 552), two or three vessels of considerable size, to the pec- 
toralis major and minor. 

(b) The acromial branch (Fig. 552) is covered at its origin by the clavicular portion of the 
deltoideus, but subsequently becomes superficial and passes to the acromion, where it anastomoses 
with the acromial branch of the transverse scapular artery to form the acromial rete. 

(c) The deltoid branch (Fig. 699) frequently arises with the preceding by a short common 
trunk. It is superficially situated in the deltoideopectoral trigone and passes downward along- 
side of the cephalic vein supplying the contiguous margins of the clavicular portions of the deltoid 
and great pectoral muscles. 

3. The lateral (long) thoracic artery (Figs. 551, 552, and 594) arises behind the pectoralis 
minor and runs downward upon the serratus anterior on the lateral thoracic wall to about the 
level of the fifth intercostal space; it is parallel to the long thoracic nerve although considerably 
anterior to this structure. The vessel ramifies chiefly in the serratus anterior, where it anasto- 
moses with the branches of the thoracodorsal artery, which also pass to this muscle. It gives 
off external mammary branches to the mammary gland.* 

4. The subscapular artery (Fig. 703) arises at the lower margin of the insertion of the 
subscapularis and is the largest branch of the axillary. It forms a short trunk which runs along 

* [The lateral thoracic artery, so far as it is a direct branch of the axillary artery, is frequently wanting, its 
place being taken by a large branch either from the thoraco-acromial or the subscapular artery—ED.] 
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the lower border of the subscapularis, gives off some twigs to this muscle, and divides into two 
large branches: 

(2) The thoracodorsal artery (Figs. 552, 594, and 703) continues in the direction of the parent 
trunk, runs along the teres major and latissimus dorsi parallel to the axillary border of the scapula, 
giving off branches to these muscles, and to the subscapularis and serratus anterior, and anasto- 
moses with the lateral thoracic artery. 

(b) The circumflex (dorsal) scapular artery (Figs. 594, 703, and 704), the second terminal of 
the subscapular, passes through the triangular space bounded by the teres major, the teres minor 
(or the subscapularis), and the long head of the triceps, and curves around the axillary border 
of the scapula to reach the posterior aspect of the shoulder. In addition to supplying the sub- 
scapularis, teres major, and teres minor, the artery sends branches to the infraspinatus, being 
situated between this muscle and the dorsal surface of the scapula, and anastomoses with the 
transverse scapular artery from the subclavian by branches which pass about the neck of the 
scapula to reach the supraspinous fossa. 

5. The subscapular branches are independent arteries which pass from the axillary to 
the subscapularis muscle. 

6. The anterior circumflex humeral artery (Fig. 703) is a relatively insignificant vessel 
which arises at the level of the upper margin of the tendon of insertion of the pectoralis major, 
passes outward around the anterior surface of the surgical neck of the humerus, covered by the 
coracobrachialis, the short head of the biceps, the long tendon of the triceps, and the deltoideus, 
and supplies these muscles and the shoulder-joint. 

7. The posterior circumflex humeral artery (Figs. 594, 703, and 704) is much larger 
than the preceding vessel. It arises at the level of the upper border of the tendon of insertion of 
the latissimus dorsi, opposite the origin of the anterior circumflex artery, and passes backward 
around the surgical neck of the humerus, through the quadrilateral space bounded by the teres 
major, the long head of the triceps, the lower border of the subscapularis and the bone, to reach 
the posterior aspect of the shoulder in company with the axillary nerve. The artery is separated 
from the circumflex scapular artery by the long head of the triceps and is covered by the deltoideus, 
which it supplies, as well as the long head of the triceps and articular capsule of the shoulder- 
joint, and anastomoses freely with the deltoid branch of the thoraco-acromial, with the anterior 
circumflex, and with the subscapular. 


The region of the shoulder is chiefly supplied by branches of the subclavian and axillary arteries, which anastomose 
freely and are useful in forming a collateral circulation when the blood-stream in the main channel has been interrupted. 
The most important of these anastomoses are: (1) The transverse scapular, from the subclavian, anastomoses with 
the circumflex scapular, from the axillary, in the supraspinous and infraspinous fosse. (2) The transverse scapular, 
from the subclavian, anastomoses by means of its acromial branch with the similarly named branch of the thoraco-acromial 
artery to form the acromial rete. (3) The descending branch of the transverse cervical, from the subclavian, anastomoses 
with branches of the thoracodorsal and circumflex scapular arteries, from the axillary. The individual branches of the 
axillary artery also enter into manifold anastomoses—e.g., (2) The deltoid branch of the thoraco-acromial with the pos- 
terior circumflex artery of the humerus; (b) the /ateral thoracic with the thoracodorsal; (c) the two circumflex humeral 
arteries with each other; (d) the posterior circumflex humeral with the subscapular and circumflex scapular arteries. 
Other anastomoses exist between several of the branches of the axillary artery passing to the thoracic wall (the lateral 
thoracic, the thoracodorsal) and the lateral cutaneous branches of the aortic intercostals. Finally, the long head of 
the triceps contains anastomoses between the branches of the posterior circumflex humeral artery and twigs of the deep 


brachial artery from the brachial itself. 
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Fic. 556.—The nerves and vessels of the extensor surface of the upper arm (superficial layer). 
Fic. 557.—The nerves and vessels of the extensor surface of the upper arm (deep layer). 
* = Divided twig of deltoid branch of deep brachial artery. ** =A portion of the triangular space. 


THE BRACHIAL ARTERY, 


The brachial artery (Figs. 554 to 557 and 705 to 707), the immediate continuation of the 
axillary, runs in the medial bicipital sulcus immediately beneath the fascia, the subcutaneous 
veins and nerves, and the integument. It passes almost directly downward into the cubital 
fossa, in the depths of which it divides into its two terminal branches—the radial and the ulnar 
arteries. As it lies in the medial bicipital sulcus the artery has a number of important relations 
in addition to that with the biceps. At its commencement it is medial to the insertion of the 
coracobrachialis, lower down it is situated in front of the brachialis, and the termination of the 
artery rests upon the insertion of the brachialis and is covered by the lacertus fibrosus. The 
site of bifurcaton is in front of the insertion of the brachialis, between the pronator teres and the 
tendon of insertion of the biceps, and corresponds to the level of the coronoid process of the 
ulna. The artery is accompanied by two brachial veins and by the median nerve, the latter 
structure being at first lateral, crossing the artery at an acute angle below the middle of the 
arm, and finally taking a medial position in the cubital fossa. In the upper third of the arm 
the ulnar nerve is near the medial surface of the artery. 

But few large branches are given off by the brachial artery. With the exception of ten or 
twelve muscular branches (particularly to the biceps) it gives origin to the following three vessels, 
of which the first is the only one of considerable size: 

1. The deep brachial (superior profunda) artery (Figs. 554 to 557) arises as a short 
thick trunk in the neighborhood of the upper border of the medial head of the triceps and ap- 
proaches the radial nerve, which it accompanies at first between the long and medial heads of 
the triceps and then between the medial and lateral heads, in the groove for the radial nerve 
upon the posterior surface of the humerus. It is the artery for the posterior surface of the arm, 
in which situation it divides into its terminals. In addition to muscular branches to the triceps 
it gives off: 

(a) The deltoid branch (Figs. 556 and 557), a small vessel, occasionally absent, which goes 
to the lower and posterior portion of the deltoideus. 

(6) The nutrient arteries oj the humerus, several small branches which enter the bone through 
corresponding nutrient foramina. 

(c) The middle collateral artery, one of the terminals, usually penetrates the substance of 
the inner head of the triceps and runs in this muscle to the cubital articular rete (see page 49). 

(d) The radial collateral artery (Figs. 556 to 558 and 709), the second terminal of the deep 
brachial and its actual continuation, accompanies the radial nerve in its groove and soon divides 
into a volar and a dorsal branch. The volar branch passes with the radial nerve to the anterior 
surface of the elbow and is situated in the groove between the brachioradialis and the brachialis; 
upon the supinator it anastomoses with the radial recurrent artery. The dorsal branch appears 
at the external intermuscular septum together with the dorsal cutaneous antibrachial nerve, 
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and ramifies in the triceps and in the integument upon the posterior surface of the arm, termina- 
ting in the cubital articular rete. 

2. The superior ulnar collateral (inferior profunda) artery (Figs. 554 to 557 and 705) 
arises some distance below the deep brachial and accompanies the ulnar nerve along the medial 
intermuscular septum as far as the olecranon, giving off branches to the medial head of the triceps 
and terminating in the cubital articular rete. 

3. The inferior ulnar coliateral (anastomotica magna) artery (Figs. 554 to 557 and 
705 to 707) arises far below the preceding vessels, just above the internal condyle, and runs 
downward and medially in front of the inner portion of the brachialis toward the lower part of 
the medial intermuscular septum, which it pierces to reach the inferior humeral epiphysis. It 
gives off numerous muscular branches, and terminates by anastomosing with the preceding vessels 
and with the ulnar recurrent arteries in the cubital articular rete. 

The branches of the brachial artery are subject to manifold variations. Either ulnar collateral artery may replace 


its fellow or they may both arise from the deep brachial, together with branches of the axillary artery (the subscapular 
and the circumflex humeral arteries). In Fig. 557 a variant of the origin of the terminals of the deep brachial is shown. 


‘ THE ARTERIES OF THE FOREARM. 


Tt is usually stated that the brachial artery divides in the cubital fossa into two terminal 
branches—the radial and the ulnar arteries (Figs. 558, 559, and 705 to 709). It would be more 
accurate to say that the brachial artery gives off a large branch in the cubital fossa, the radial 
artery, and then runs a short distance before dividing into its terminal branches—the ulnar 
artery (in a restricted sense) and the common interosseous artery. This conception is supported 
by some of the numerous anomalies of the arteries of the forearm. 

The radial artery supplies the radial side of the anterior surface and the radial border of 
the forearm, passes to the back of the hand to form its chief artery, and is also concerned in 
the supply of the palm. The ulnar artery by means of its interosseous branch supplies the 
posterior surface of ‘the forearm, the vessel itself supplying the ulnar border and the ulnar half 
of the anterior surface, and also forming the chief artery of the palm. But few branches of 
the ulnar artery reach the back of the hand and these do not extend any great distance beyond 
the wrist. All the proximal branches of both the radial and ulnar arteries participate in the 


formation of the cubital articular rete. 


In scarcely any other location in the body are anomalies so frequent as in the arteries of the forearm. The most 
important isa high division of the brachial—ie., the radial artery arises at some point in the upper arm and pursues 
a superficial course to the forearm, frequently being situated even in front of the lacertus fibrosus. Sometimes an artery 
branches off from the brachial and subsequently unites with it in the cubital fossa (vas aberrans); if it join the radial 
artery in this situation the first-mentioned anomaly is produced. More rarely the ulnar artery arises in this manner 
and runs superficially, in front of the superficial flexors, the vessel then corresponding only to the ulnar artery in the 
restricted sense, while the common interosseous artery represents the termination of the trunk of the brachial. This 
latter condition may also obtain when the radial artery and the ulnar artery in the restricted sense arise from a common 
superficial trunk. Not infrequently the small median artery is replaced by a large vessel, which then supplies the hand 
as a third artery of the forearm. 

[The majority of these anomalies are probably to be regarded as persistences of EELS ES occurring in the embryo. 
Thus, at an early stage of development but a single artery occurs in the forearm, the brachial being continued directly 
downward as the interosseous artery. From this arises secondarily the median artery, which for a time is the principal 
artery of the forearm, and finally the ulnar artery is formed. From the brachial, high in the upper arm, arises a superfi- 
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cial brachial stem, which passes down the radial side of the forearm and later makes a connection with the interosseous 
at the point where this vessel gives origin to the ulnar. The upper part of the superficial brachial then normally degen- 
erates, being represented in the adult only by a muscular branch, and its lower part becomes the radial. Should the 
original superficial brachial persist, however, a high origin of the radial would result. A high origin of the ulnar might 
be due toa secondary connection of the original ulnar stem with the superficial brachial, and the occurrence of a large 
median artery is a simple persistence of that vessel in its embryonic condition.—Ep.] 


THE RADIAL ARTERY. 


The radial artery (Figs. 705 to 709) arises behind the lacertus fibrosus from the bifurcation. 
of the brachial, and pursues a fairly straight course toward the wrist-joint. At first it lies between 
the insertion of the biceps and the lacertus fibrosus, then between the brachioradialis and the 
supinator, and lower down, behind the brachioradialis and in front of the insertion of the pronator 
radii teres. Up to this point it is beneath the inner portion of the brachioradialis, but below 
the middle of the forearm it is covered only by skin and fascia and lies in the groove between 
the brachioradialis and the flexor carpi radialis, consequently at the inner (ulnar) margin of the 
former. Behind the artery in this situation are the flexor pollicis longus and the pronator quadra- 
tus. With the brachioradialis and accompanied by the superficial branch of the radial nerve 
which lies upon its radial side, the radial artery passes downward to the region of the styloid 
process of the radius, this part of its course being that in which the pulse is usually taken. From 
here the artery passes to the back of the hand (Figs. 560 and 561) between the radius and the — 
tendons of the abductor pollicis longus and extensor pollicis brevis, runs through the radial 
foveola (the anatomic snuffbox), and passes through the first interosseous space to reach the 
depths of the palm, where its terminal ramification takes place. 

The most important branches of the radial artery are given off either from its commence- 
ment or, more especially, from its terminal portion. The long middle portion gives origin to 
muscular branches only. 

1. The recurrent radial artery (Figs. 705 to 707 and 709) arises from the commencement 
of the artery, passes backward and upward (proximally) between the supinator upon one side 
and the brachioradialis and extensor carpi radialis longus upon the other, ramifies in the con- 
tiguous muscles, anastomoses with the volar.branch of the radial collateral artery, and terminates 
in the cubital articular rete (see page 49). _ 

2. The muscular branches (Figs. 705 to 707) are quite numerous. They arise from the 
entire length of the radial artery and supply the neighboring muscles. 

3. The superficial volar branch (Figs. 562, 563, and 705 to 707) arises at the upper margin 
of the styloid process and pursues a superficial course into the palm, being covered either only 
by the fascia and, in some cases, also by the abductor pollicis brevis. It gives muscular 
branches to the thenar eminence and joins the ulnar artery to form the superficial volar arch 
(see page 51). 

4. The volar carpal branch (Fig. 563) is a small and somewhat inconstant vessel which 
passes between the tendon of the flexor carpi radialis and the volar surface of the lower extremity 
of the radius to join the volar carpal rete. 

Upon the back of the hand arises: ; 

5. The dorsal carpal branch (Figs. 560 and 56r) is the only large vessel which takes origin 
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upon the back of the hand. It is occasionally double and forms the chief source of supply of 
the dorsal carpal rete. 

6. Subject to great variation, but usually coming directly from the trunk of the radial, are 
the small dorsal arteries which go to both sides of the thumb and to the radial side of the index- 
finger, the radial and ulnar dorsal digital arteries of the thumb and the radial dorsal digital 
artery of the index-finger (Fig. 560). The two latter vessels may arise from a short common 
_ trunk, which is then designated as the first dorsal metacarpal artery. 

In the palm and between the first dorsal interosseous muscle and the adductor pollicis the 
radial artery divides into its two terminal branches. 

7. The princeps pollicis (Figs. 560, 561, and 563) is the common artery for both volar mar- 
gins of the thumb and for the radial side of the index-finger, giving off the radial and ulnar volar 
digital arteries of the thumb and the radial volar digital artery of the index-finger. These branches 
are variable inasmuch as they may be partly or wholly replaced from the superficial palmar 
arch. The artery runs along the volar surface of the metacarpal bone of the thumb. 

8. The second and actual terminal branch of the radial artery forms the deep volar arch 


(see page 51). 
THE ULNAR ARTERY, 


The ulnar artery (Figs. 707 and 708) arises in the cubital fossa from the bifurcation of 
the brachial (see page 45), and at its origin is not much larger than the radial, although after 
giving off its proximal branches its caliber is practically the same as that of this vessel. It runs 
downward to the’wrist upon the ulnar side of the forearm and holds a relation to the flexor carpi 
ulnaris similar to that of the radial artery to the brachioradialis. Throughout the forearm, 
however, the ulnar artery is more deeply situated than the radial. 

The vessel, which at first seems to be the direct continuation of the brachial, makes a gentle 
curve to the ulnar side, and at first, accompanied by the median nerve, lies in front of the inser- 
tion of the brachialis and at the ulnar border of the insertion of the biceps and then upon (in 
front of) the flexor digitorum profundus, being covered in the latter situation by the origins of 
the superficial flexors and of the pronator teres. In front of the flexor digitorum profundus 
it passes almost directly downward, and at the same time takes up a position in the groove 
between the flexor carpi ulnaris and the flexor digitorum sublimis. In this part of its course the 
artery is accompanied by the ulnar nerve, which lies in contact with it upon its ulnar side. The 
artery becomes more superficial as it passes downward to the pisiform bone, at the radial margin 
of the tendon of the flexor carpi ulnaris. It next passes over the transverse carpal ligament 
immediately to the radial side of the pisiform bone and enters the palm, where it is covered by 
the fascia and the palmaris brevis, and forms the superficial volar arch immediately beneath the 
palmar aponeurosis. The branches of the ulnar artery are: 

1. The recurrent ulnar arteries (Figs. 558 and 706 to 708), usually two in number, may 
also arise by a common trunk. The smaller and anterior vessel passes in front of the medial 
epicondyle of the humerus to the muscles arising in this region. ‘The larger and posterior artery 
runs behind the medial epicondyle, gives off muscular branches, and passes between the heads 
of the flexor carpi ulnaris above the ulnar nerve to reach the cubital articular rete. 
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Fic. 558.—The superficial layer of the nerves and vessels of the extensor surface of the forearm. 

The extensor digitorum communis and extensor digiti quinti have been drawn slightly to one side. 

Fic. 559.—The deep layer of the vessels and nerves of the extensor surface of the forearm. 

The extensor digitorum communis and extensor digiti quinti have been strongly retracted toward the ulnar side, 
the extensor pollicis longus divided, and the supinator incised for a short distance along the deep branch of the radial 
nerve. 


2. The common interosseous artery (Figs. 706 and 707) is the largest and most important 
branch of the ulnar, and may arise directly from the brachial when the origin of the ulnar is ° 
anomalous. It is a short, thick trunk which springs from the posterior surface of the ulnar artery 
below the tuberosity of the ulna and divides immediately into its two terminal branches. These are: 

(a) The dorsal interosseous artery (Figs. 558, 559, and 707), which passes above the upper 
margin of the interosseous membrane through the interosseous space to reach the dorsal surface 
of the forearm, where it gives off the interosseous recurrent artery. ‘This latter vessel runs 
beneath the anconzus, gives off several twigs which pierce the muscle, and enters the cubital 
articular rete. The dorsal interosseous artery itself passes downward between the superficial 
and the deep groups of the extensors of the forearm, ramifies in all the muscles of these layers, 
and sends terminal branches as far as the dorsal carpal rete. 

(b) The volar interosseous artery (Figs. 558, 559, 561, and 707) runs downward upon the 
volar surface of the interosseous membrane, covered by the flexor digitorum profundus and the 
flexor pollicis longus. It supplies the overlying muscles, the radius, the ulna, and gives off 
branches which pierce the membrane and supply the deeper extensor muscles. A branch, which 
is usually very slender, passes to the median nerve and pursues a markedly tortuous course down- 
ward upon the nerve as the median artery. ‘This vessel is not infrequently large enough to form 
a third artery of the forearm. The volar interosseous artery ramifies in the pronator quadratus 
and also sends fine branches to the volar carpal rete. The actual termination of the vessel, 
however, pierces the interosseous membrane at the level of the pronator quadratus, applies itself 
closely to the dorsal surface of the distal extremity of the membrane, gives off muscular twigs 
to the deep extensors, and ends in the dorsal carpal rete. 

During its course in the forearm the ulnar artery gives off the following branches: 

3. Muscular branches (Fig. 707), which are numerous, some arising even in the cubital 
fossa, and which supply particularly the pronator teres and the flexor carpi ulnaris. 

4. The dorsal carpal branch (Figs. 560 and 561) arises above the wrist-joint, winds around 
the ulna above the capitulum to reach the dorsal surface of the carpus, aids in the formation 
of the dorsal carpal rete, and gives off the ulnar dorsal digital artery of the little finger. 

In the region of the carpus the following branches arise from the ulnar artery: 

5. The volar carpal branch (Fig. 563) is covered by the tendons of the flexor digitorum 
profundus and goes to the volar carpal rete. 

6. The deep volar branch (Figs. 562 and 563), together with the deep volar branch of the 
ulnar nerve, passes between the muscles of the hypothenar eminence into the palm, where it 
takes part in the formation of the deep volar arch. 


7. The actual termination of the ulnar artery forms the principal portion of the superficial 
volar arch (see page 51). 
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THE ARTICULAR RETIA OF THE UPPER EXTREMITY. 


The Acromial Rete.—The acromial rete (Fig. 704) is superficially placed between the 
acromion and the fibers of the platysma and skin of the shoulder, and is practically formed by 
the anastomoses of the acromial branch of the transverse scapular artery from the subclavian 
with the acromial branch of the thoraco-acromial artery from the axillary. 

The Cubital Articular Rete.—The cubital articular rete (Figs. 558 and 559) is one of 
the largest articular networks of the body. It is composed of a superficial network situated over 
the humeral epicondyles, the posterior surface of the triceps tendon, and the olecranon (olecranal 
rete), and of a deeper one situated between the triceps tendon and the posterior surface of the 
articular capsule. ‘The arteries sending branches to the rete arise partly proximal to the joint 
and take a distal direction to reach the rete and partly distal to the joint and pursue a proximal 
course. ‘The proximal roots of the cubital rete are: (1) The radial and middle collateral arteries 
from the deep brachial. (2) The superior and injerior ulnar collateral arteries from the brachial. 
The distal roots are: (1) The radial recurrent artery from the radial. (2) The interosseous 
recurrent from the dorsal interosseous. (3) The recurrent ulnar arteries from the ulnar. Not 
only are the distal and the proximal branches of the same side connected with each other, but 
transverse anastomoses also take place between the radial and the ulnar branches. 

The Volar Carpal Rete.—The volar carpal rete (Fig. 563) is a small network situated 
deeply in the carpal canal, in immediate contact with the articular capsules and ligaments of 
the volar surface of the carpal bones. ‘The vessels entering into it are of small size and are prac- 
tically all derived from the proximal side. They are: (1) Twigs from the volar terminal branch 
of the volar interosseous artery. (2) The volar carpal branch of the radial artery. (3) The 
volar carpal branch of the ulnar artery. rom the distal side the volar carpal rete receives small 
recurrent twigs from the deep volar arch. 

The Dorsal Carpal Rete.—The dorsal carpal rete (Figs. 560 and 56r) is much larger than 
the preceding, It is partly superficial, between the dorsal carpal ligament and the skin, but 
the greater portion is deeply situated between the dorsal surface of the carpal joints and the 
tendons of the extensors. The following arteries and twigs enter into its formation: (1) The 
dorsal interosscous artery usually ends by means of very small branches which pass to the superfi- 
cial portion of the rete. (2) The dorsal terminal branch of the volar interosseous artery forms 
a considerable source of supply to the deep portions of the network. (3) The dorsal carpal 
branch of the ulnar artery is concerned in the formation of the ulnar half of the rete. (4) The 
largest afferent vessel is the dorsal carpal branch of the radial, which also supplies the majority 
of the dorsal arteries of the hand given off by the dorsal carpal rete (see page 46). 


THE ARTERIES OF THE HAND. 


The arteries of the hand (Figs. 560 to 563, and 712) are not distributed equally to the dorsum 
and to the palm, the latter being by far the more richly supplied, and the volar arteries also nourish 
the dorsal surfaces of the finger-tips. The volar branches of the radial and ulnar arteries form 
curved anastomoses, which are known as the superficial and deep volar arches, the former being 
chiefly supplied by the ulnar artery, while the latter is practically supplied by the radial. Both 
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Fic. 560.—The arteries of the dorsum of the hand Guperficial layer). 
The fascia hes berm removed - 
Fic. 561.—The arteries of the dorsal surfaces of the hand and of the lower extremity of the forearm. 
The jendoss of the extemsors, wath the exception of those af the abdactor pollicis longus and extensor pollicis 
trews, have been divided and partly removed. ‘The greats: portion of the dorsal carpal ligament has been cut away. 
*— Twigs G a volar Getel ates. **=Twies of wolar Gietial moves relecéed @p the dorsal siace + = Entrance 
 sathel artery imio the pakn 


Fic. 562—The arteries and nerves of the palm (middle layer). 


The palmer aponsirosis hes been removed and the abductor pollicis brevis divided along the superficial volar 
tramch of the radiel ettesy. *= Amasiomosis between median and wlmar memes. 


Fic. 563—The arteries and nerves of the palm (deep layer). 
The abdacior and 2bcactor pollicis and the dewor Gigiti quinti have been divided; the tendons of the flexors, the 


arches give off arteries which course longitudinally through the palm to the fingers; those given 
of irom the superficial arch are termed the common volar digital arteries, while those from the 
Geep arch are called the volar meiacarpal arieries. ‘The dorsal arteries are known as the dorsal 
meéincar pal arteries, and are furnished chiefly by the dorsal carpal rete. 

Each imger receives four arteries, two small dorsal digitals and two larger proper volar digitals, - 
the dorsal vessels usually arising from the dorsal metacarpal arteries, while the majority of the 
proper volar digital arteries are derived from the bifurcation of the common volar digital arteries. 
In the radial and ulnar margins of every finger there is a dorsal and a volar artery, so that there 
is both a radial and an ulnar proper volar digital ariery and a radial and an ulnar dorsal digital 
ariery i each digit, The dorsal arteries of the fingers extend only to the proximal end of the 
middle phalanx, the distal extremity of this phalanx and the terminal phalanx being supplied 


by the volar arteries. 


The arteries of the back of the hand (Figs. 560 and 561) are derived almost entirely from 


the radial, only the ulnar border of the dorsum being supplied by the ulnar. Passing from 


the radial to the ulnar side the following arteries should be noted: 

1. The radial dorsal digital artery of the thumb from the radial artery (see page 47). ; 

2. The ulnar dorsal digital artery of the thumb, also a direct branch of the radial (see 
page 47). 

3. The radial dorsal digital artery of the index-finger, which is also an immediate 
branch of the radial (see page 47). F 

4. The second, third, and fourth dorsal metacarpal arteries arise indirectly from the 
dorsal carpal branch of the radial through the dorsal carpal rete, and run along the dorsal surfaces 


of the dorsal interossei, ramifying in these muscles and in the immediate vicinity. They receive 


the perforating branches of the volar metacarpal arteries and, thus reinforced, each vessel divides 
near the head of the corresponding metacarpal bone into two dorsal digital arteries, thus sup- 
plymg— 
(2) The ednar dorsal digital ariery oj the index digit. 
(6) The radial dorsal digital artery oj the third digit. 
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(c) ‘The ulnar dorsal digital artery oj the third digit. 

(d) The radial dorsal digital artery of the fourth digit. 

(e) The ulnar dorsal digital artery of the fourth digit. 

(f) The radial dorsal digital artery of the fijth digit. 

5. The ulnar dorsal digital artery of the fifth digit is the termination of the dorsal 
carpal branch of the ulnar artery (see page 48). 


THE ARTERIES OF THE PALM. 


The arteries of the palm (Figs. 562, 563, and 712) arise from the two palmar arches, formed 
by the anastomoses of the radial and ulnar arteries. Both arches are distally convex, the super- 
ficial arch being the more distal, the deep the more proximal; both arches are in the metacarpal 
region. 

The Superficial Volar Arch.—The superficial volar arch (Fig. 562) is situated immediately 
beneath the palmar aponeurosis, between this structure and the synovial sheaths of the tendons 
of the flexor digitorum sublimis and profundus. The arch is convex toward the fingers, concave 
toward the carpus, and.is situated at about the middle of the palm, the greatest convexity being 
about 2 cm. from the distal border of the transverse carpal ligament. It is formed by the anasto- 
mosis of the terminal branch of the ulnar artery with the superficial volar branch of the radial. 
The ulnar extremity of the arch is twice as thick as the radial, indicating that the arch is chiefly 
(occasionally wholly) supplied by the ulnar artery. In addition to small branches to the vicinity, 
to the ball of the thumb, to the lumbricales, and connecting twigs to the branches of the princeps 
pollicis, the superficial volar arch gives off: 

1. The second, third, and fourth common volar digital arteries (Figs. 562 and 723) are of 
large size, covered by the palmar aponeurosis, and, together with the common volar digital nerves 
from the median, pass to the region of the heads of the metacarpal bones, where each vessel 
divides into a radial’and an ulnar proper digital volar artery, for the contiguous margins of the 
fingers. The site of division is distal to the transverse fasciculi of the palmar aponeurosis, so 
that the arteries are here visible in the spaces between the slips of the palmar aponeurosis and 
covered only by fatty tissue. 

2. The ulnar volar digital artery of the fijth digit frequently arises in common with the deep 
volar branch (see page 48), and passes to the ulnar border of the little finger. 

The Deep Volar Arch.—The deep volar arch (Fig. 563) is formed by the junction of the 
terminal portion of the radial artery with the deep volar branch of the ulnar artery. In con- 
trast to the superficial arch, its radial extremity is much thicker than the ulnar, the deep arch 
being supplied chiefly by the radial artery. It is not so sharply curved as the superficial arch, 
but is somewhat longer and distally convex, and it is also more proximal, being situated upon 
the volar interossei and covered by the adductor pollicis and the synovial sheaths of the flexor 
tendons. In. addition to small branches to the neighboring muscles and joints and recurrent 
branches to the volar carpal rete, the deep volar arch gives off the first, second, third, and fourth 
volar metacarpal arteries. The two radial (the first and the second) arteries are usually larger 
than the two ulnar vessels. The first (the radialis indicis) runs over the volar surface of the 
first dorsal interosseous muscle to the radial margin of the index-finger, supplying the muscle 
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and anastomosing with twigs of the princeps pollicis. “The other three run distally upon the 
volar surfaces of the volar interossei, in which they ramify, and reinforce the common volar digital 
arteries in the neighborhood of the heads of the metacarpal bones. They are also connected 
with the dorsal metacarpal arteries by means of perjorating branches which pass through the 
interosseous spaces just in front of the bases of the metacarpal bones. 


The distribution of the arteries of the hand as above described may be regarded as the normal, although it occurs 
in exactly this manner in scarcely one-half of all cases, anomalies of varying degree being usually present. If a large 
median artery extends into the palm it takes an important part in the formation of the superficial volar arch. On the 
other hand, if the superficial volar branch of the radial artery be absent, the superficial volar arch may be poorly 
developed or even entirely absent, the common volar digital arteries then being the simple terminal branches of the ulnar 
artery. The deep arch is more rarely incomplete. Of special frequency are slight variations in the origin and distribu- 
tion of the radial and ulnar marginal arteries, especially the princeps pollicis, which may seem to be rather a first common 
volar digital artery or may be largely replaced by the first volar metacarpal artery. 


THE THORACIC PORTION OF THE DESCENDING AORTA. THE THORACIC AORTA. 


The thoracic aorta (Figs. 368, 369, 538, and 726) commences at the termination of the aortic 
arch at the level of the body of the fourth thoracic vertebra, and extends downward to the level 
of the twelfth thoracic vertebra, where it passes through the aortic opening to become the 
abdominal aorta. It lies at first to the left of the bodies of the vertebrze, but it is soon crossed 
by the cesophagus at an acute angle (see Vol. II, page 44) and approaches the median line, so that 
in the lower thoracic region it is situated upon the anterior surface of the vertebral bodies just 
to the left of the median line, and it pierces the diaphragm in this location. Since it pierces the 
diaphragm obliquely there is more of its posterior than of its anterior wall-in the thoracic cavity. 

Throughout its entire length the thoracic aorta is situated in the posterior mediastinal cavity, 
close to the left posterior mediastinal lamina, which is bulged forward by the aorta. The cesoph- 
agus is at first to the right, then in front, and finally to the left, and the thoracic duct is to the 
right above, while lower down it is behind. The uppermost portion of the thoracic aorta is 
behind the root of the left lung; to the right and in fairly close proximity is the vena azygos, and 
anteriorly is the pericardium. 

In contrast to the aortic arch the thoracic aorta gives off only relatively small branches. 
The visceral branches to the thoracic organs are quite insignificant and very variable; of the 
parietal branches the intercostal arteries, which are arranged in pairs, are by far the largest 
and most important. 


THE VISCERAL BRANCHES. 


1. The right and lejt bronchial arteries (Fig. 538) are rather variable as to their origins. 
They may arise from the concavity of the aortic arch, from the first portion of the thoracic aorta, 
or from one of the upper (the third or the fourth) intercostal arteries coming from the aorta. 
The last-named origin is of frequent occurrence, particularly upon the right side. The bron- 
chial arteries run along the posterior walls of the bronchi, which they accompany to the root of 
the lung, and ramify within the lung along the bronchial rami. They also send small twigs 
to the cesophagus, to the pleura, and to the pericardium. 

2. The wsophageal arteries (Fig. 538) are from three to five small branches, which arise 
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at different levels from the thoracic aorta and supply the entire length of the thoracic portion of 
the oesophagus. 

ge Lhe pericardiac branches pass to the pericardium; only a few arise from the thoracic aorta, 
the majority coming from the two preceding groups of arteries. 


THE PARIETAL BRANCHES. 


1. The mediastinal branches are small but numerous, and supply the vessels, the nerves, 
the lymphatic nodes, and the walls of the posterior mediastinum. Some of them arise directly 
from the aorta, but the majority come from the cesophageal and the intercostal arteries. Some 
of the lower mediastinal branches supply the upper surface of the east portion of the diaphragm 
and are known as the superior phrenic arteries. 

2. The Intercostal Arteries (Figs. 538 and 587).—The thoracic aorta usually gives rise 
to ten pairs of these vessels, the third to the twelfth right and left intercostal arteries, the upper 
two originating from the subclavian (see page 40). The arteries arise from the posterior surface 
of the aorta, each close to its fellow of the opposite side, and correspond to the intercostal spaces, 
in which they run, except t the twelfth, which runs along the lower border of the last rib. The upper 
intercostal arteries are the smallest, the lower ones the largest. The third and fourth occasionally 
arise by a common trunk, in which case the aorta gives off but nine pairs of vessels. 

The intercostal arteries supply the thoracic wall, the upper abdominal wall, and parts of 
the back. The left and the right arteries are of unequal length and differ somewhat in the first 
portions of their course, since the thoracic aorta is situated to the left side of the vertebral column. 
The left intercostals run almost horizontally on the left surfaces of the vertebral bodies to reach 
the heads of the ribs; the right arteries, especially the upper ones, pass at first rather sharply 
upward, cross the anterior surface of the vertebral bodies obliquely, and do not run horizontally 
until they reach the right surfaces of the vertebral bodies. In front of the right intercostal arteries 
are the thoracic duct, the vena azygos, the oesophagus, and the sympathetic trunk; in front of the 
left, only the vena hemi-azygos and the left sympathetic. 

Beyond the heads of the ribs the course of the arteries is exactly the same upon both sides. 
At the lower margin of the head of the rib each divides into a small posterior branch and a larger 
anterior branch, the latter being the direct continuation of the trunk and, from its course, the 
actual intercostal artery. 

(a) The posterior branch passes backward between the neck of the rib and the transverse 
process of the thoracic vertebra, sends a spinal branch through the intervertebral foramen into 
the vertebral canal to the spinal cord, to the dura mater, and to the vertebra itself, supplies the 
deeper layers of the muscles of the back with muscular branches, and the integument of the back 
with internal and external dorsal cutaneous branches. 

(b) The anterior branch (Fig. 538), the actual intercostal artery, runs in the middle of the 
intercostal space in front of the external intercostal muscles to the vicinity of the angle of the 
rib. Beyond this point it runs in the costal groove on the lower border of the rib, between the 
external and the internal intercostal muscles, and gives off a parallel branch to the upper border 
of the next lower rib, so that there is an artery upon the upper and the lower border of every rib, 
the vessel at the lower border, however, being much the larger. Muscular branches are given 
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off by both vessels, especially by the larger upper one, passing to the intercostal muscles and to 
the diaphragm, and, from the lower intercostal arteries, to the abdominal muscles and the lower 
portion of the pectoralis major. 

The intercostal arteries also give off two series of cutaneous branches—the lateral and the 
anterior. The lateral cutaneous branches pierce the external intercostal muscles in the lateral 
portion of the thoracic wall and reach the skin between the digitations of the serratus anterior. 
According to the level at which they make their exits they are subdivided into the pectoral and 
abdominal lateral cutaneous branches, and, in correspondence with the accompanying branches 
of the intercostal nerves, they divide into a posterior branch for the dorsal integument and an 
anterior branch for skin of the chest. The anterior branches of the third to the fifth or sixth 
lateral cutaneous arteries give off lateral mammary branches to the mammary gland. 

The anterior cutaneous branches pass through the anterior portions of the intercostal spaces, 
perforating the external intercostal muscles and the sternocostal portion of the pectoralis major 
medial to the nipple, and are similarly subdivided according to the level of their exits into the 
pectoral and the abdominal anterior cutaneous branches. ‘The former give off the medial mammary 
branches to the mammary gland; they are small and inconstant and are usually absent above 
and _ below. 

The anterior extremities of the anterior branches of the intercostal arteries anastomose 
with the intercostal branches of the internal mammary artery, and the lower ones also with the 
lumbar arteries. 


THE ABDOMINAL PORTION OF THE DESCENDING AORTA. 
THE ABDOMINAL AORTA. 


The abdominal aorta (Figs. 413 and 716) commences at the termination of the thoracic 
aorta at the aortic opening in the diaphragm in front of the twelfth thoracic vertebra, and extends 
downward to the lower margin of the fourth lumbar vertebra. In this situation it divides into 
the two common iliac arteries and gives origin to a third, but much smaller vessel, the middle 
sacral artery, which passes downward over.the anterior surface of the fifth lumbar vertebra 
and of the sacrum, and represents the actual continuation of the trunk. 

The abdominal aorta lies upon the anterior surfaces of the bodies of the four upper lumbar 
vertebrae, somewhat to the left of the median line, but nevertheless almost median. It is retro- 
peritoneal and behind the stomach, the pancreas, the inferior portion of the duodenum, and a 
portion of the root of the mesentery. To the right side is situated the inferior vena cava, which 
in its upper part, however, is not in immediate contact with the aorta. Since large vascular 
trunks for the abdominal viscera originate from the abdominal aorta, it rapidly diminishes in 
caliber, especially in its upper third. 

The branches of the abdominal aorta may be divided into the visceral branches and the pari- 
etal branches, the former being by far the larger. ‘The majority of the branches arise from the 
upper third of the aorta, some arising from its commencement. ‘The largest visceral branch, 
the coeliac artery, as well as two small parietal branches, the inferior phrenic arteries, arise at 
the level of the twelfth thoracic vertebra; scarcely more than 1 cm. below these vessels arises 
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the next to the largest visceral branch, the superior mesenteric artery, and at about the same 
level are given off two parietal branches, the first pair of lumbar arteries, and lower down the 
remaining pairs, four in all, which arise like the intercostal arteries from the posterior surface of 
the aorta, one pair at the level of each of the four upper lumbar vertebre. Below the superior 
mesenteric artery are the renal arteries, above them the middle suprarenal arteries, and at the 
level of the second lumbar vertebra the internal spermatic arteries. Below this point no vessel 
of considerable size is given off until the inferior mesenteric artery is reached, this taking origin 
at the disc between the third and the fourth lumbar vertebrae. The fourth pair of lumbar arteries 
arise below this point. 


THE VISCERAL BRANCHES OF THE ABDOMINAL AORTA. 


The visceral branches of the abdominal aorta (Figs. 564 to 567 and 598) consist of three 
large unpaired trunks for the unpaired abdominal organs (the intestinal canal, the liver, the 
pancreas, and the spleen), and of three pairs of arteries for the paired abdominal organs (the 
kidneys, the suprarenal bodies, and the sexual glands). 


(az) THE UNPAIRED BRANCHES, 


I. The celiac artery (Figs. 564 and 565) is a short thick trunk, a trifle over r cm. in 
length, which arises in the aortic opening from the anterior surface of the aorta, passes anteriorly 
at almost a right angle, and divides into its three terminal branches (the cceliac tripod of Haller). 
It is situated behind the lesser omentum to the right of the cardia and is distributed to the 
unpaired abdominal organs located above the transverse mesocolon, namely, to the stomach, the 
upper portion of the duodenum, the liver, the spleen and the pancreas, and to the great omentum. 
Its branches are: 

1. The left gastric artery, the smallest branch, ascends in the gastropancreatic fold (see Vol. 
II., page 80) toward the lesser curvature of the stomach and takes up its position upon the right 
side of the cardia, giving off small oesophageal branches to the abdominal portion of the cesophagus, 
which anastomose with branches of the inferior phrenic artery and also supply the cardia. The - 
artery then passes from the cardia to the lesser curvature of the stomach, along which it pursues 
a slightly tortuous course toward the pylorus. In this situation it gives off numerous branches 
to the anterior and the posterior walls of the stomach and to the lesser omentum, and anasto- 
moses in the pyloric region with the right gastric artery from the hepatic artery. 

II. The hepatic artery (Figs. 564 and 565) is a thick trunk, which is destined not only 
for the liver but also for the right half of the stomach and omentum, the upper portion of the 
duodenum, and the head of the pancreas. It runs almost transversely in front of the lumbar 
portion of the diaphragm and the inferior vena cava and behind the lesser curvature of the stom- 
ach. Behind the pylorus it is in relation with the portal vein and the common bile-duct, the 
artery being in front and to the left of the vein, and in this situation it subdivides into its terminal 
branches: 

1. The proper hepatic artery (Figs. 389, 390, and 564) passes in the hepatoduodenal liga- 
ment with the portal vein and the common bile-duct to the transverse fissure of the liver, which 
it enters after dividing into a left branch and a right branch. ‘The latter previously gives off 
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Frc. 564.—The blood-vessels of the stomach and liver. 

The left and part of the right lobe of the liver have been drawn upward, the origin of the coeliac artery exposed, 
and the anterior lamina of the great omentum divided at the greater curvature of the stomach. *= Cut edges of great 
omentum. : 

Fic. 565.—The branches of the cceliac artery and the origin of the portal vein. 

Dissection as in Fig. 564. After division of the anterior lamina of the great omentum the stomach has been drawn 
upward, so that its posterior surface looks forward, and the pancreas has been divided along the superior mesenteric ves- 
sels. *— Cut margin of the gastrocolic ligament at the greater curvature of the stomach; just above is the inferior portion 
of the duodenum. ** = Cut margin of the lesser omentum at the lesser curvature of the stomach. 


the cyslic artery which pursues a tortuous course along the cystic duct to reach the gall- 
bladder. 

2. The right gastric (pyloric) artery (Fig. 564), the smallest branch of the hepatic, is fre- 
quently given off from the proper hepatic artery. It takes a recurrent course to the pylorus, 
which it supplies, and anastomoses in the pyloric region with the terminal branches of the much 
larger left gastric artery. 

3. The gastroduodenal artery (Figs. 564 and 565) runs almost vertically downward behind 
the pylorus, upon the posterior surface of which it ramifies, and divides into two terminal branches. 

(a) The right gastro-epiploic artery (Figs. 564 and 565), the larger terminal, gives off small 
branches to the head of the pancreas and to the superior portion of the duodenum, passes to the 
greater curvature of the stomach, and runs toward the left in a markedly tortuous manner, par- 
allel with the greater curvature and between the two layers of the great omentum, to anastomose ~ 
with the left gastro-epiploic branch of the splenic artery. In its course it gives off branches to 
the anterior and posterior walls of the stomach, as well as a number (about seven) of descending 
branches to the great omentum, the epiploic arteries. 

(b) The superior pancreaticoduodenal artery (Fig. 565) curves downward over the concave 
side of the superior and descending portions of the duodenum, giving off duodenal branches to 
these parts and pancreatic branches to the head of the pancreas. 

Ill. The splenic artery (Figs. 393, 564, and 565) runs from its origin at the cceliac tripod 
almost horizontally, but in a very tortuous manner, toward the left, being situated along the 
upper border of the pancreas, behind the stomach, and in front of the lumbar portion of the 
diaphragm. In its course the artery gives off numerous small pancreatic branches to the body 
and tail of the pancreas, and divides in front of the hilus of the spleen in the gastrosplenic liga- 
ment into its terminal branches: 

1. The lejt gastro-epiploic artery (Figs. 564 and 565) goes to the greater curvature of the 
stomach, runs in a tortuous manner from left to right between the layers of the great omentum, 
and forms an arched anastomosis with the right gastro-epiploic artery. Like the latter vessel, 
it supplies both walls of the stomach and the great omentum. 

2. The short gastric arteries (Fig. 565) are four or five vessels of fair size, which pass to 
the fundus of the stomach, where they anastomose with the branches of the left gastric and left 
gastro-epiploic arteries. 

3. The splenic branches (Figs. 393, 397, and 565), the actual terminals, enter the spleen 
through the hilus. 

IV. The superior mesenteric artery (Figs. 393, 413, 565, 566, and 716) is somewhat 
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smaller in caliber than the cceliac artery, but like that vessel arises from the anterior surface of 


. the aorta. It runs downward behind the head of the pancreas, which separates it from the coeliac 


artery, passes in front of the inferior portion of the duodenum, and enters the root of the mesentery, 
in which it pursues a curved course, the convexity of which is directed forward and to the left. 
From this convexity are given off the intestinal arteries, while from the concavity arise the branches 
for the caecum and for the ascending and transverse colons. The commencement of the artery 
also gives off twigs to the pancreas and to the inferior portion of the duodenum, and throughout 
its curved course the diminution of its caliber is constant and marked. Its branches are: 

1. The inferior pancreaticoduodenal artery (Figs. 565 to 567) arises at the upper border of 
the pancreas and passes behind the head of that organ, which it supplies, to reach the inferior 
portion of the duodenum. It then passes upward along the concave border of the inferior and 
descending portions of the duodenum, to which it gives branches, and forms an arch-like 
anastomosis with the superior pancreaticoduodenal artery. 

2. The intestinal arteries (Figs. 566 and 567) are rather large trunks, usually ten to fifteen 
in number, which arise from the entire length of the convexity of the superior mesenteric (con- 
sequently from its left ’side). The upper ones supply the jejunum as the jejunal arteries, while 
the lower nourish the ileum as the ileal arteries, the lowermost of which arise from the termina- 
tion of the superior mesenteric. Soon after its origin each intestinal artery divides into two 
diverging branches, which anastomose in the mesentery with the corresponding branches of 
the neighboring arteries, so that a series of arches is produced. ‘These arches give off smaller 
arterial branches, which act in a similar manner, and this condition repeats itself until there 
are three or four irregular arched anastomoses in the mesentery, the last of which is situated close 
to the mesenteric attachment. From this last series of arches are given off the twigs for the 
wall of the small intestine. The terminal ramifications of the superior mesenteric artery anas- 
tomose with the lowermost intestinal artery, and also with the left branch of the ileocolic artery, 
at the lower extremity of the ileum. 

3. The middle colic artery (Figs. 566 and 567) arises opposite the upper intestinal arteries 
from the concave side of the upper portion of the superior mesenteric, and runs in the right portion 
of the transverse mesocolon to the region of the right colic flexure, where it divides into a long 
superior branch and a smaller descending branch. The long superior branch passes to the 
left along the mesenteric attachment of the transverse colon and forms an arched anastomosis * 
with the left colic artery from the inferior mesenteric; the smaller descending branch passes 
downward and to the right behind the ascending mesocolon to the ascending colon, at the inner 
side of which it anastomoses with the ascending branch of the right colic artery. 

4. The right colic artery (Fig. 566) arises at about the middle of the superior mesenteric 
from the left concave side of the arch, passes almost horizontally to the right behind the ascending 
mesocolon, and divides into an ascending and a descending branch. At the upper portion of 
the ascending colon the ascending branch anastomoses with the middle colic artery; at the upper 
portion of the cecum the descending branch anastomoses with the ileocolic artery. 


* The arteries for the colon, in contrast to those for the small intestine, form only a single typical but large 
arterial arch in the vicinity of the intestinal tube and from this arch are given off the arteries for the intestinal wall. 
These arteries, however, are connected by a number of irregular anastomoses before they enter the wall of the colon. 
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Fic. 566.—The superior mesenteric artery and vein. 

The transverse colon with the great omentum has been thrown upward, the intestinal coils displaced to the left, 
and the ascending mesocolon, part of the transverse mesocolon, and the right layer of the mesentery removed. * = Cut 
margin of transverse mesocolon. : 

Fic. 567.—The inferior mesenteric artery and vein. 

Dissection as in Fig. 566. The intestinal coils have been displaced to the right and the branches of the inferior 
mesenteric vessels shown by removing parts of the pancreas and transverse mesocolon. * = Aortic bifurcation. ** = Cut 
margins of transverse mesocolon. + Promontory of sacrum. * + Inferior pancreaticoduodenal artery (the branches 
passing to the pancreas have been cut away). 


5. The ileocolic artery (Fig. 566) arises from the lower third of the left or concave side of the 
superior mesenteric artery, and passes downward and to the right behind the ascending mesocolon 
to reach the ileocecal region, where it divides into two branches. ‘The upper and larger branch 
supplies the cacum and anastomoses with the right colic artery, while the lower and smaller 
branch passes to the terminal portion of the ileum, where it anastomoses with the terminal rami- 
fications of the trunk of the superior mesenteric artery. 

V. The inferior mesenteric artery (Figs. 413, 567, 568, and 716) arises from the left 
side of the anterior surface of the aorta, about midway between the origin of the superior mesen- 
teric artery and the aortic bifurcation. It runs downward and to the left behind the descending 
mesocolon, and gives off the following branches: 

t. The lejt colic artery (Fig. 567) divides behind the descending mesocolon into an ascending 
branch and one or more descending branches. The ascending branch anastomoses at the trans- 
verse colon with the middle colic artery from the superior mesenteric; the descending branches 
go to the lower portion of the descending colon and anastomose with the upper sigmoid arteries. 

2. The sigmoid arteries (Fig. 567) are several branches which pass to the sigmoid colon 
and form arched anastomoses with each other. The upper sigmoid arteries anastomose with 
the left colic artery in the same manner. — 

3. The superior hemorrhoidal artery (Figs. 567, 569, and 570), the largest artery of the 
rectum, is the actual terminal branch of the inferior mesenteric artery. It runs at the left side 
of the promontory and in front of the pelvic surface of the sacrum to the rectum, in the wall of 
which it ramifies from the posterior and left portion of its circumference. It supplies the entire 
upper and middle portions of the rectum and partly supplies the lower portion, where it anasto- 
moses with the middle hemorrhoidal artery. 


(0) THE PAIRED BRANCHES. 

1. The right and lejt middle suprarenal arteries (Figs. 474 and 716) are small twigs, usually 
arising independently from the abdominal aorta. They assist in the nourishment of the supra- 
renal bodies, which are also supplied by the superior (see page 59) and the inferior (see page 59) 
suprarenal arteries. 

2. The right and Jejt renal arteries (Figs. 413 and 716) are much larger than the preceding 
vessels, They arise at almost a right angle from the lateral surfaces of the aorta below the supe- 
rior mesenteric artery, their caliber being about the same as that of this vessel. The right renal 
artery is somewhat longer than the left, frequently arises at a somewhat lower level, and passes 
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‘THE ARTERIES. 0) 


behind the inferior vena cava to reach the hilus of the kidney. Before entering the hilus each 
artery gives off a branch to the suprarenal body, the inferior suprarenal arteries, and as it enters 
the hilus breaks up into several branches. 

[The majority of these branches enter the renal sinus anterior to the pelvis and supply that portion of the kidney 
substance which lies anterior to the median sagittal plane of the organ, that portion forming its lateral border, 
so much of that forming the posterior half as lies lateral to the line of the posterior row of calyces—in other words, a 
little more than half the total amount of the kidney substance. The remainder is supplied by the branches which pass 
posterior to the pelvis. Between the anterior and posterior branches no anastomoses occur and, consequently, the plane 
of the posterior row of calyces marks a region where only the finest terminal branches of the arteries will be found, so 
that incision of the kidney substance in this plane, sometimes known as the ‘‘bloodless area’’ of the kidney, will be 
accompanied by a minimum of hemorrhage.—ED.] 

3. The right and lejt internal spermatic arteries (Figs. 413, 570, and 716) are long slender 
vessels which arise in close proximity to each other from the lateral portions of the anterior surface 
of the aorta, below the renal artery, but above the inferior mesenteric. They leave the aorta 
at a very acute angle and run downward upon the psoas major (or minor), behind the parietal 
peritoneum and in front of the ureter, which they cross at an acute angle, giving off no actual 
branches and pursuing a slightly tortuous course toward the true pelvis. The right artery is 
situated in front of the inferior vena cava. 

Beyond this point the internal spermatic arteries vary in the two sexes and are consequently 
known by different names. In the male it is called the testicular artery, since it goes to the 
testicle, in the female the ovarian artery, because it is the main artery of the ovary. 

In the male the ¢esticular artery (Figs. 413, 490, 571, and 716) does not enter the true 
pelvis, but passes along its margin in front of the external iliac vessels and enters the inguinal 
canal. Thence, surrounded by the veins of the pampiniform plexus (see page gg) it passes 
downward in the spermatic cord to the testicle, in the substance of which it gives off several 
branches which ramify from the mediastinum testis and anastomose freely with each other. 
It also supplies the epididymis. 

In the female the ovarian artery (Figs. 570 and 572) enters the true pelvis on the medial 
side of the psoas major. It is usually markedly tortuous, and runs in the suspensory ligament 
to the ovary, the hilus of which it enters after breaking up into several branches and anastomosing 
with the ovarian branch of the uterine artery. Small twigs also pass to the ampulla of the tuba 


uterina in the vicinity of the infundibulum, 


THE PARIETAL BRANCHES OF THE ABDOMINAL AORTA. 


In contrast with the visceral branches the parietal branches of the abdominal aorta (Fig. 716) 
play a minor réle. Some of them (the inferior phrenic arteries) ramify in the diaphragm, while 
others (the lumbar arteries) pursue a course analogous to that of the intercostal arteries. They 
are all paired. 

1. The right and lejt injerior phrenic arteries (Figs. 564, 565, and 716) arise in the aortic 
opening, but below the coeliac artery, in a somewhat variable manner, either separately or by a 
common stem from the aorta, or one or the other occasionally from the coeliac artery. Before 
each artery passes to the diaphragm it usually gives one or more branches to the suprarenal 
bodies, the superior suprarenal arteries. It then ramifies upon the lower surface of the lumbar 
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portion of the contiguous costal portion of the diaphragm and is considerably larger than the 
superior phrenic artery. Both arteries anastomose with each other and with the remaining 
arteries supplying the diaphragm, the pericardiacophrenic and musculophrenic arteries, and 
also with the lower intercostal and the upper lumbar arteries. The right inferior phrenic artery 
passes behind the inferior vena cava and sends small twigs to this structure and to the falciform 
ligament of the liver; the left artery passes behind the cardia of the stomach. 

2. The right and left lumbar arteries (Fig. 716) are four pairs of arteries which arise in 


two rows from the posterior surface of the aorta. They run at right angles to the aorta in a © 


curve, the convexity of which is anterior, over the lateral surfaces of the bodies of the lumbar 
vertebree, the right arteries passing behind the inferior vena cava, and the uppermost pair being 
largely covered by the lumbar portion of the diaphragm. Passing over the upper part of the bodies 
of the four upper lumbar vertebrz, the arteries pass behind the tendinous arches of the psoas 
major and divide within this muscle into an anterior branch and a posterior branch, like the 
intercostal arteries. The posterior branch sends a spinal branch through the intervertebral fora- 
men to the dura mater and to the cauda equina, and supplies the lower portion of the sacrospinalis 
and the skin of the lumbar region. The anterior branch supplies the psoas and quadratus lum- 
borum, runs between the fibers of the latter muscle, and terminates in the posterior portions of 
the flat abdominal muscles. The lumbar arteries form numerous anastomoses, as, for example, 
with the intercostal arteries (especially the upper lumbar arteries), with the iliolumbar artery 
(especially the fourth lumbar artery, running along the upper margin of the crest of the ilium), and 
also with the gluteal arteries in the gluteus maximus, to which some of the branches may extend. 

Not infrequently variations occur in the order in which the branches arise from the abdominal aorta. ‘The coeliac 
and the superior mesenteric arteries may arise from a common trunk; one of the internal spermatic arteries may take 
origin from the renal artery, and the renal artery is frequently double upon one or both sides or an accessory renal may 
be present. Such abnormal renal arteries may replace the normal vessel and may arise from the common iliac artery 
or from the aortic bifurcation, the latter origin being especially common in abnormal situations of the kidney. In rare 


instances an accessory hepatic artery is derived from the superior mesenteric artery, and less important anomalies of the 
suprarenal and inferior phrenic arteries are frequent and have in part been already mentioned. 


‘THE MIDDLE SACRAL ARTERY. 


Although of but moderate size, the middle sacral artery (Figs. 568 and 716) in its direction 
is the immediate continuation of the abdominal aorta, and cannot be regarded as one of its 
branches. The artery arises at the aortic bifurcation (see page 54) as a single vessel and passes 
downward exactly in the median line over the anterior surface of the body of the fifth lumbar 
vertebra and over the pelvic surface of the sacrum to the tip of the coccyx, where it terminates 
in the so-called coccygeal glomus, a conglomeration of vessels about 2 mm. in diameter, which 
is imbedded in the pelvic fatty tissue. 

In front of the middle of the body of the fifth lumbar vertebra the middle sacral artery gives 
off the fifth pair of lumbar arteries, the lowest lumbar arteries, which are distributed like the four 
upper pairs, although of smaller size; they run behind the psoas and anastomose upon the iliacus 
with the branches of the iliolumbar artery. Upon the pelvic surface of the sacrum the middle 
sacral artery gives off transverse branches which anastomose with the lateral sacral arteries, and 
supply the sacrum and part of the origins of the piriformis, coccygeus, and levator ani. 
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THE COMMON ILIAC ARTERY. 


In addition to the middle sacral artery, the right and left common iliac arteries (Figs. 560, 
570, 715, and 716) arise at the site of the bifurcation of the abdominal aorta, in front of the fourth 
lumbar vertebra, and from their caliber would seem to be the immediate continuations of the 
aorta. They are short, almost straight unbranched trunks, whose terminals supply the pelvic 
region and the lower extremity. The common iliac arteries leave the aorta at an angle of 65 to 
75 degrees and are from 5 to 6 cm. in length. Each runs obliquely across the lower portions 
of the fourth and fifth lumbar vertebrz, then along the boundary between the true and the false 
pelvis at the inner margin of the psoas major to the vicinity of the sacro-iliac articulation, where 
it divides into its terminals—the hypogastric and the external iliac arteries. 

The right common artery is anterior and medial to the origin of the inferior vena cava, in 
front of the terminal portion of the left common iliac vein, and medial and somewhat anterior 
to its own accompanying vein (the right common iliac vein). The left artery is lateral to its 
vein. In front of the common iliac arteries are the parietal peritoneum and the ureter; upon the 
left side there is also the inferior mesenteric or the superior hemorrhoidal artery, and upon. the 
right the lower portion of the root of the mesentery. With the exception of the terminal branches, 
the common iliac arteries give off only small twigs to neighboring structures (veins, lymphatic 
nodes). 

The hypogastric artery supplies the walls of the true pelvis, the pelvic viscera, the pelvic 
floor, the perineum, and the gluteal region, while the external iliac artery continues the direction 
of the common iliac and passes downward as the main blood-vessel of the lower extremity. 


THE HYPOGASTRIC ARTERY, 


The hypogastric (internal iliac) artery (Figs. 568, 569, 715, and 716) arises from the common 
iliac in the vicinity of the sacro-iliac articulation, and passes medially and somewhat backward 
around the medial border of the psoas major to enter the true pelvis, where it soon divides into 
numerous branches in a very inconstant manner. The visceral branches pass to the organs of the 
true pelvis (the rectuin, the urinary bladder, and in the female the uterus and the tube), to the 
perineum, and to the external genitalia; the parzetal branches supply the pelvic walls, the buttock, 
and a portion of the thigh. Usually the artery divides into an anterior and a posterior division. 
The anterior division gives off the visceral branches and usually the obturator artery, and ter- 
minates as the inferior gluteal and the pudendal arteries or as the latter vessel alone. The pos- 
terior division, usually the larger, gives off the majority of the parietal branches, and terminates 
as the superior gluteal artery or as the superior and the inferior gluteals. 


THE PARIETAL BRANCHES, 


1. The iliolumbar artery (Figs. 568 and 716) arises from the posterior surface of the hypo- 
gastric, usually before this vessel has separated into its two divisions. It passes upward, back- 
ward, and outward behind the psoas major to reach the iliac fossa, where it divides into an iliac 
and a lumbar branch. ‘The latter anastomoses with the fourth and lowest lumbar arteries and 
ramifies exactly like the posterior branches of the lumbar arteries. The larger iliac branch 
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Fic. 568.—The blood-vessels and nerves on the right pelvic wall. 

The pelvis has been halved by a sagittal section and the genitalia removed. *= Branches to the coccygeus. 

** — Branch to levator ani. += Site of abdominal inguinal ring. ++ = Branches to piriformis. 
Fic. 569.—The vessels of the male genitalia (profile view). 

The left half of the pelvis has been removed by a section passing from the median line behind to one side of the 
median line anteriorly; the vessels coming from the left side to the rectum and genitalia have consequently been 
divided. The peritoneum has been removed, excepting that portion which lines the anterior surface of the abdominal” 
wall. x«—=Left ureter divided just before entering the bladder. wx —= Left vas deferens. 


runs transversely across the iliacus, gives branches to this muscle, and anastomoses with the 
deep circumflex iliac artery from the external iliac. 

2. The lateral sacral artery or arteries (Fig. 568) usually consist of a superior and an inferior 
artery which run downward on the lateral portion of the pelvic surface of the sacrum, in front 
of the origin of the piriformis and the anterior divisions of the sacral nerves, sending branches 
to these structures and anastomosing with the middle sacral artery. They give off spinal branches 
which pass through the anterior sacral foramina to the sacral canal, leave the sacral canal through 
the posterior sacral foramina, and supply the dorsal surface of the sacrum together with the 
ligaments and muscles found in this locality. 

3. The obturator artery (Figs. 568, 569, 574, and 575) runs near the upper margin of the 
true pelvis (the terminal line and the psoas major), giving off small branches to the lateral pelvic 
wall and passing forward toward the superior pubic ramus, to the posterior surface of which 
it sends the pubic branch, which anastomoses in the vicinity of the lacunar ligament with the 
pubic branch of the inferior epigastric artery. This anastomosis may be responsible for an 
abnermal origin of the obturator artery. In about 30 per cent. of all cases the artery, instead 
of coming from the hypogastric, arises from the inferior epigastric artery by means of a large 
trunk which arches over the lacunar ligament into the true pelvis. After giving off the pubic 
branch the obturator artery enters the obturator groove and canal, sends branches to the obturator 
internus and externus, and, upon leaving the canal, divides into an anterior and a posterior 
branch. The anierior branch supplies chiefly the adductor brevis and the adductor longus. 
The posterior branch sends the small acetabular artery through the acetabular notch to the hip-joint 
and to the round ligament, and ramifies chiefly in the posterior adductors, its terminal branches — 
extending to the gemelli and the quadratus femoris. The posterior branch anastomoses freely 
with the inferior gluteal artery, but especially with the internal circumflex artery from the femoral. 

4. The superior gluteal artery (Figs. 568, 577, and 717), one of the large terminal branches 
of the hypogastric, passes between the roots of the sacral plexus, through the great sacrosciatic 
foramen above the piriformis, and reaches the gluteal region where it is covered by the glutzeus 
maximus and partly also by the glutzeus medius. In this situation it divides into two branches, 
which are termed the superior and the inferior branches, and which supply the gluteeus medius, 
the gluteus mininuus, and also the upper portion of the gluteus maximus. The principal rami- 
fication of the artery takes place between the gluteus medius and minimus, and the branches 
extend from this situation to the piriformis on the one hand, and to the trochanteric rete on the 
other, and anastomose with the inferior gluteal artery, the circumflex branches of the femoral, 
and also partly with the lumbar and iliolumbar arteries. 
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Fic. 570.—The vessels of the female genitalia as seen from the left side. 
Dissection as in Fig. 569. The left ovary and tube have been drawn forward and downward, the right ovary 
and tube upward. *= Vaginal branches of inferior vesical artery. 
Fic. 571.—The vessels and nerves of the penis, spermatic cord, and scrotum as seen from in front. 
The skin and the greater portion of the fascia have been removed from the penis; the vessels of the right spermatic 
cord have been exposed by dividing its coverings. 
Fic. 572.—The arteries of the female internal genitalia as seen from behind. 
The lower portion of the broad ligament has been removed, the left ovarian ligament divided, and the peritoneum 
of the mesosalpinx removed along the vessels. 


the rectum it anastomoses with the superior hemorrhoidal artery from the inferior mesenteéric 
and with the inferior hemorrhoidal arteries (see below). It is also connected with other visceral 
branches of the hypogastric artery (the uterine and the inferior vesical arteries). 

5. The internal pudendal artery (Figs. 568 to 571, 724, and 725) is not a pure visceral branch, 
inasmuch as it also supplies the perineum and the region of the anus. It is, however, the chief 
artery for the external genitalia. It is almost always the termination of the anterior division of the ~ 
hypogastric artery, and passes to the gluteal region with the inferior gluteal artery by passing 
through the great sacrosciatic foramen below the piriformis. It leaves the gluteal region through 
the lesser sacrosciatic foramen, winding around the posterior surface of the sacrospinous ligament, 
and enters the ischiorectal fossa. At the outer margin of this fossa, close to the tuberosity and 
the inferior ramus of the ischium and above the falciform process of the sacrotuberous ligament, 
the artery passes forward and inward toward the perineum and the external genitalia. It is 
covered by the obturator fascia and is situated close to the origin-of the levator ani from this 
fascia. The branches of the internal pudendal artery are: 

(a) The inferior hemorrhoidal artery or arteries (Figs. 724 and 725), usually several branches 
arising by a common trunk, pass downward and inward through the ischiorectal fat to the anus 
and supply the musculature (the levator and sphincter ani) and the integument of the anus, as 
well as the anal portion of the rectum in general. They anastomose with the middle hemor- 
rhoidal artery from the hypogastric. 

(b) The perineal artery (Figs. 724 and 725) passes toward the median line of the perineum, 
parallel with the superficial transversus perinei, giving off small branches, ramifying in the mus- 
culature and integument, and terminating in the posterior scrotal (labial) arteries, which represent 
the superficial terminal branches of the internal pudendal artery. Each perineal artery is at 
first covered by the superficial transversus perinei, and then passes in the groove between the 
bulbocavernosus and the ischiocavernosus with the nerves of the same name to the posterior 
portion of the scrotum in the male and to the posterior segments of the labia majora in the female. 

(c) The artery of the penis in the male (Fig. 724) or the artery of the clitoris in the female 
(Fig. 725) is the actual deep terminal branch of the internal pudendal artery, and is naturally 
of much larger size in the male than in the female. It continues in the direction of its parent 
trunk, running forward and inward through the outer portion of the urogenital trigone to the 
lower aspect of the symphysis pubis, where it passes between this structure and the transverse 
ligament of the pelvis and divides into its terminal branches, the dorsal artery of the penis (clitoris) 
and the deep artery of the penis (clitoris). The branches of the artery of the penis are: 


Fig. 570. 


urinary 


bladder & 


left 7 
uterine 
ri 


tubal 7 
branch of 
ulerine art 


i, 
q 


“SE / 


_ left rourtd 
lig. of uterus 


infundib. of uterine tube 


right uterine tube 
right round lig. of uterus \ 4 a ' ‘S 
| right external iliac rey bh ' ; AS/ ANNE a ) 
| vessels ens YY: \ \ sg 


Hn 
left ovarian vessels X 


abdom. aorta middle sacral hypogastric 


nae fp art art. manceasiric vein 
; KG 

= Rea | 

, / 


left common iliac vessels 


ah 
SN. 
N. 


‘. 
\, 


superior haemorr- 


right ovarian vessels hoidal vessels 


rectum 


umbilical arts. 


right middle 
_ haemorrh. 
vessels 


right ureter 
uterus 


4)\ recto-uterine 
‘ fold 


| left middle 
haemorrh. 
vessels x 


left uterine 
y~ vessels 


vaginal 
art. 


vagina 


‘aia : left levator ani 
Ee left inferior haemorr- 
< hoidal vessels 


& vaginal branch of mid. haem. art. 
left internal pudic vessels 


Mere SS ee 


a utero-vaginal venous plexus 
urogenital \ \* left inferior vesical art. 

\ 
vesixal veins 


bulbus vestibuli 


trigone 


external 


dorsal vein of penis 


of penis 


dorsal artery of penis Sundiform ligament 


dorsal nerve of penis 


spermatic cord 


left ovarian artery 


vesictlar appendix 


3 
8 
5 
ae S3 
& 3 
Sik URC ee 2 
aS 2 BSB es ~ & 
Be S28 ee S* Na 
S 2 xs 8 xp e 
SS Vos S =~ 
Se ee ET Sy = NS 
ieee \ t Ss ig 
NARA & c 
. H 
A 
‘be 
} 


te 
va 
. 


“EY ww 
Ss 
oR 3 
= 
Q3 Ry 
x8 3 
ge 3 
aS x 


tubal branch 
of left uterine 
artery 


le q 
proper lig. \ 
of ovary X % 


\ 


left ovary ovarian branch of 


; x uterine 
infundibulum of tube artery 


~~ body of uterus 
(intestinal surface) 


 ) 
3 G __ cervix uteri 


right uterine 


a 0 7 artery X 


/ ~ vaginal artery 


left uterine artery a 


__-vagina 
, vaginal branch 


left inferior vesical artery X Fig. 572, 


anterior 
scrotal vessels 
subcutaneous 
vein of penis 


dorsal vein’ 
of penis 


round lig. of 
uterus x inffundi- 


right ovarian 


/ , vight inferior vesical artery 
/ 


THE ARTERIES. 65 


(4) The urethral artery is the largest of a number of small twigs which pass to the mem- 
_ branous portion of the urethra and to the deep transversus perinei. 

(9) The artery of the bulb of the urethra supplies the bulb and the body of the corpus cav- 
ernosum urethr and the urethra itself. 

(7) The dorsal artery of the penis, one of the terminal branches and a paired vessel, accom- 
panies the single dorsal vein to the dorsum of the male organ, where it is covered by the fascia 
of the penis, and passes anteriorly in a slightly tortuous manner to reach the corona of the glans, 
where it breaks up into numerous branches. In its course it gives off twigs not only to the skin 
but also to the glans penis and to the corpora cavernosa, these latter piercing the albuginea and 
anastomosing with the branches of the deep artery of the penis. 

(0) The deep artery of the penis penetrates the corpus cavernosum from the medial side, 
and runs forward in this structure near the septum penis, anastomosing with its fellow of the 
opposite side by twigs which pierce the septum. 

In the female the artery of the clitoris pursues a course analogous to that of the artery of the 
penis in the male, but the vessel is correspondingly smaller. Instead of an artery of the urethral 
bulb it gives off an artery oj the vestibular bulb, and divides into the dorsal artery oj the clitoris 
and the deep artery of the clitoris. The latter vessel is very small. 

Slight deviations in the ramification of the hypogastric artery are very common. Neighbor- 
ing arteries frequently arise from a common trunk, and the lower visceral branches (the inferior 
vesical and the middle hemorrhoidal arteries) frequently originate from the internal pudendal 
artery. The greatest number of anomalies, however, are exhibited by the obturator artery. 
The most frequent of these is the origin of the obturator from the inferior epigastric or by means 
of this vessel from the external iliac artery, as has previously been mentioned (see page 62). 
It may also arise from the common iliac artery (rare) or from the femoral artery (very rare). 
But even when it has an anomalous origin, there is almost always present a small normal artery 
coming from the hypogastric and joining the large abnormal vessel in the obturator canal. 


THE EXTERNAL ILIAC ARTERY. 


The external iliac artery (Figs. 568 to 570, 573, 574, 716) continues in the direction pursued 
by the common iliac artery and extends from its origin from this vessel to the inguinal ligament, 
beyond which it is known as the femoral artery. It runs from above downward, from behind 
forward, and from within outward, along the inner margin of the psoas to the lacuna vasorum, 
where it is situated lateral to the femoral vein and upon the iliopectineal fascia. The course of 
the vessel is slightly curved, the convexity being directed backward and outward; it is separated 
from the psoas muscle and the femoral nerve by the iliac fascia and is crossed in the male by the 
internal spermatic vessels. Only very small twigs are given off to the surrounding structures 
until just before the artery enters the lacuna vasorum, when it gives origin to two larger branches. 
These are: 

1. The inferior epigastric artery (Figs. 568, 569, 570, and 716) arises at the level of the inguinal 
ligament from the medial surface of the external iliac. It runs at first almost horizontally toward 
the median line for a short distance, this portion of the vessel being situated behind the inguinal 
and lacunar ligaments and crossed by the vas deferens. It then curves upward and outward, 
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Fic. 573.—The vessels and nerves of the anterior surface of the thigh (superficial layer). 
Only the fascia has been removed. * = Branch of femoral nerve to pectineus. 

Fic. 574.—The vessels and nerves of the anterior surface of the thigh (middle layer). 
The sartorius and pectineus have been divided. * = Branch of obturator artery to hip-joint. 


reaches the outer margin of the rectus abdominis above the pubic symphysis, forming the epi- 
gastric fold (see Vol. II., p. 80), pierces the transversalis fascia, and runs upward upon the posterior 
surface of the rectus abdominis. Above the semicircular line the artery passes to the anterior 
surface of the posterior layer of the sheath of the rectus, and then penetrates the rectus, in which 
it ramifies and anastomoses freely with the terminal branches of the superior epigastric artery 
from the internal mammary artery. In this manner there occurs in the substance of the rectus 
abdominis an anastomosis between the artery of the upper and that of the lower extremity. In 
addition to the ramification in the rectus, the inferior epigastric artery also gives off a number 
of smaller branches: : 

(a) The pubic branch is a small twig which comes from the first part of the artery, runs upon 
the lacunar ligament to the posterior surface of the superior pubic ramus, and at the symphysis 
anastomoses with its fellow of the opposite side and, by means of its obturator branch, also with 
the pubic branch of the obturator artery. 

(b) The external spermatic (cremasteric) artery (Figs. 568 and 571) arises at about the 
same level as the pubic branch, and, in the male, passes through the inguinal canal to the sper- 
matic cord and its coverings, particularly supplying the cremaster muscle and anastomosing 
with the testicular artery. In the female the vessel is much smaller and is known as the artery 
of the round ligament. 

2. The deep circumflex iliac artery (Figs. 573 and 574) arises almost exactly opposite to the 
inferior epigastric from the lateral surface of the external iliac. It is covered by the iliac fascia, 
and runs upward and outward, parallel with the inguinal ligament, to the anterior superior spine 
of the ilium, and then curves along the iliac crest between the internal lip and the origin of the 
iliacus, anastomosing with the iliac branch of the iliolumbar artery. In addition to branches 
to the iliacus, the deep circumflex iliac artery also sends branches to the neighboring portions 
of the flat abdominal muscles and partly also to the proximal portion of the thigh. 


THE FEMORAL ARTERY. 


The femoral artery (Figs. 573 and 574) is the immediate continuation of the external iliac 
artery and extends from the inguinal ligament to the adductor opening in the adductor magnus. 
After passing through this orifice it is known as the popliteal artery, so that the external iliac, 
the femoral, and the popliteal arteries are really one and the same vessel, different names being 
applied to it in different regions, just as was the case with the artery of the upper extremity (the 
subclavian, the axillary, and the brachial arteries). 

The position of the femoral artery is accurately determined throughout its entire length by 
the muscles of the thigh. At first it is situated beneath the inguinal ligament in the iliopectineal 
fossa, between the two muscles which bound this space and lateral to the accompanying femoral 
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the anterior adductors (pectineus, adductor longus), while the main portion of the artery passes 
backward as the deep branch between the iliopsoas and the pectineus and courses around the neck 
of the femur above the lesser trochanter. This deep branch gives numerous twigs to the adductors, 
anastomoses with the deep branch of the obturator artery, sends branches to the articular capsule 
of the hip-joint, ramifies upon the posterior surface of the thigh and in the gluteal region, and ends 
by dividing into an ascending and a descending branch. The ascending branch passes upward 
between the quadratus femoris and the gemellus inferior, anastomoses with the gluteal arteries 
and partly with the lateral circumflex, and aids in the formation of the trochanteric rete. The 
descending branch passes between the quadratus femoris and the adductor minimus, ramifies 
in the adductor minimus, the adductor magnus, and the neighboring flexors, and anastomoses 
with the inferior gluteal and first perforating arteries. 

(b) The lateral circumflex femoral artery (Figs. 574 and 575) arises opposite the medial 
circumflex, but usually at a somewhat lower level. At first it runs almost transversely outward 
between the branches of the femoral nerve, behind the rectus femoris and in front of the insertion 
of the iliopsoas, and then divides into a large descending branch and a smaller ascending branch. 
The ascending branch passes upward to the posterior surfaces of the sartorius, tensor fascia 
late and rectus femoris, partially supplies the glutzeus medius and gluteus maximus, and extends 
to the vastus lateralis. The larger descending branch runs downward between the rectus femoris 
and vastus intermedius (in front of the latter muscle) and ramifies almost wholly in the quadriceps 
femoris. In addition to these two main branches of the artery, twigs are given off which pass 
horizontally outward, covered by the gluteus medius, and run around the neck of the femur to 
the gluteal region, where they become associated with the medial circumflex and the gluteal 
arteries in the trochanteric rete. 

(c) The first perforating artery (Figs. 575 and 577), the uppermost and the largest of the 
perforating branches, reaches the posterior surface of the thigh by piercing the adductor magnus 
at the junction of the upper and middle thirds of the muscle, and divides into an ascending and 
a descending branch. The ascending branch supplies the gluteeus maximus, the quadratus fem- 
oris, the adductor minimus, and the upper portion of the adductor magnus, and anastomoses 
with the inferior gluteal and with the circumflex femoral arteries, especially with the medial one. 
The descending branch supplies the greater portion of the adductor magnus, the flexors (partic- 
ularly the biceps), and the origin of the vastus lateralis, gives off the superior nutrient artery of 
the femur, and anastomoses with the second perforating artery and with the muscular branches 
of the femoral and popliteal arteries. 

(d) The second perforating artery (Figs. 575 and 577) is smaller than the first. After passing 
close to the insertion of the adductor brevis, it pierces the adductor magnus at about its middle, 
supplies the deep layers of the adductors, the flexors, and the vasti, and anastomoses with the 
branches of the other two perforating arteries. 

(e) The third perforating artery (Figs. 577 and 578) is the terminal branch of the deep femoral 
artery. It pierces the adductor magnus just above the adductor opening and gives off the chief 
vessel for the nourishment of the femur, the inferior nutrient artery of the femur. It sends branches 
to the adductor magnus, the short head of the biceps, and the origins of the vasti, and anastomoses 
with the neighboring branches of the second perforating and popliteal arteries. 
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During its course through the thigh below the iliopectineal fossa the femoral artery gives 
off but few branches. 

6. The muscular branches (Figs. 574 and 575) vary in number. They supply the sartorius, 
the adductors, and the quadriceps. 

7. The genu suprema (anastomotica magna) artery (Figs. 573 to 575) arises from the femoral 
just before that vessel passes through the adductor opening. It runs to the internal condyle of 
the femur under cover of the sartorius muscle and in company with the saphenous nerve, to 
which it gives a small saphenous artery. It gives off muscular branches to the neighboring muscles, 
especially to the vastus medialis, and below the internal condyle becomes superficial and sends 
articular branches to the knee-joint. A larger branch, occasionally arising independently from 
the femoral artery, traverses the vastus medialis and also ends at the BSS, -joint by aiding in the 
formation of the articular rete. 


By the anastomoses of the circumflex femoral arteries, of the obturator arteries, and the first perforating artery 
with the gluteal arteries and with each other, and also by the anastomoses between the branches of the femoral and 
hypogastric arteries, a large number of paths are provided in the posterior gluteal region which may play an import- 
ant role in the development of the collateral circulation after an interruption in the continuity of either the femoral 
or the external iliac arteries. 


THE POPLITEAL ARTERY. 


The popliteal artery (Figs. 578 to 581, and 718) is the immediate continuation of the femoral, 
and throughout the greatest portion of its course lies deeply in the popliteal space. From the 
adductor opening it passes at first downward under cover of the semimembranosus, upon the 
posterior surface of the femur, to the upper apex of the lozenge-shaped popliteal fossa. It then 
traverses this space diagonally from above downward, being no longer covered by muscles, but 
partly concealed by the popliteal vein, which is somewhat lateral to it, and surrounded by fatty 
tissue which separates it from the popliteal surface of the femur and the posterior surface of the 
articular capsule of the knee-joint. 

From the lower apex of the popliteal fossa the artery passes in front of the two heads of the _ 
gastrocnemius, lying between them and the popliteus, then in front of the tendinous arch of the 
soleus, and finally divides at this level in the popliteal canal into its two terminal branches, the 
anterior and posterior tibial arteries. In addition to proximal muscular branches which arise 
from the artery above the knee-joint and run to the biceps and the semimembranosus 
(anastomosing with the third perforating artery), the popliteal artery gives off the following 
branches: ; 

1. The lateral genu superior (superior external articular) artery (Figs. 578, 582, and 718) 
arises at about the middle of the popliteal space, runs transversely outward above the external 
condyle between the lower extremity of the shaft of the femur and the insertion of the biceps, and 
then passes forward to become superficial at the external condyle of the femur below the vastus 
lateralis. It ramifies in the latter muscle and ends in the articular rete of the knee. 

2. The medial genu superior (superior internal articular) artery (Figs. 575, 578, and 582) 
arises opposite the preceding vessel and pursues an analogous course. It runs medially between 
the femur and the semimembranosus and semitendinosus, and then forward between the femur 
and the gracilis, sartorius, and the tendinous insertion of the adductor magnus. Below the vastus 
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Fic. 575.—The nerves and vessels of the anterior surface of the thigh (deep layer). 

Dissection as in Fig. 574, except that the rectus femoris and the adductor longus have also been divided. 
** — Large muscular branch of the deep femoral artery. 
Fic. 576.—The nerves and vessels of the posterior surface of the thigh (superficial layer). 

Only the fascia has been removed. * = Communication between small saphenous vein and branches of deep 
femoral vein. 
Fic. 577.—The vessels and nerves of the posterior surface of the thigh (deep layer) and of the posterior 

gluteal region (middle layer). 

* = Communication between small saphenous and deep femoral veins. ** = Divided long head of biceps. 
Fic. 578.—The arteries of the popliteal space. 

The two heads of the gastrocnemius and the soleus have been divided and portions of the biceps and semimem- 
branosus removed. 


medialis and the tendinous insertion of the adductor magnus the artery becomes superficial at 
the internal condyle and then descends to the articular rete of the knee after giving branches to 
the neighboring muscles. 

3. The genu media (azygos articular) artery (Fig. 578) arises below the middle of the popliteal 
space from the anterior surface of the popliteal artery, pierces the articular capsule of the knee- 
joint immediately above the oblique popliteal ligament, and enters the interior of the joint to 
be distributed chiefly to the cruciate ligaments and to the alar folds. 

4. The sural arteries (Figs. 578, 579, and 718) are four or five in number and several may 
frequently arise from a common trunk. They take origin in the lower portion of the popliteal 
space and supply the triceps sure, being especially distributed to the two heads of the gastrocne- 
mius. Individual branches also run superficially in the groove between the two heads of the 
gastrocnemius and supply the integument. 

5. The lateral genu injerior (inferior external articular) artery (Figs. 578 and 582) arises from 
that portion of the popliteal artery which is in front of the gastrocnemius, turns laterally and 
forward in front of the tendon of origin of the popliteus, is covered by the outer head of the gas- 
trocnemius and by the tendon of insertion of the biceps, sends branches to these muscles, and 
terminates in the articular rete of the knee. 

6. The medial genu injerior (inferior internal articular) artery (Figs. 575, 578, and 581) 
arises opposite the preceding vessel or at a somewhat lower level, passes medially beneath the 
inner head of the gastrocnemius at the upper margin of the popliteus, then forward around the 
lower border of the internal condyle of the tibia, is covered by the tendons of the pes anserinus 
and the tibial lateral ligament, gives off muscular branches and twigs to the ligaments, and descends 
upon the inner side to enter the articular rete of the knee. 


THE POSTERIOR TIBIAL ARTERY. 


The posterior tibial artery (Figs. 578, 580, 581, 584, and 585) arises at the bifurcation of the 
popliteal artery in the popliteal canal. It is the artery for the posterior surface of the leg and 
for the sole of the foot, and represents the direct continuation of the popliteal. It passes down- 
ward for a distance of 3 or 4 cm. between the soleus and the tibialis posterior, when it gives off 
its largest and most independent branch, the peroneal artery, which appears to be a third artery 


gluteal 

_ fascia 
Glutaeus 

y, 

A Bayrnedius) 


obturator nerve 

great saphenous vein X middle cluneai 
/- med. circumflex art. 

obturator nerve 


Femoral 


nerve 

Iliopsoas — 
deep y 

femoral .¥ 


artery , 


fobturator art. 


“obturator nerve \ ; i) nerves K 
(anterior br.) : \ 4 


sc.and (¥ 

sc. brs. $f) 

lat. cir- ; t ie EN 

cumpl. / j } \ UAN \ Glutaeus 
art. Pirin Hy ; ee / maximus 


a - Adductor longus X 
Nae femoral veinX 


mae eer femoral vein 
erforating art. I 


4 utaneous br. of 
sc. branches i ae ale : ' obturator nerve 


of femoral we ieee) \\ , Me Adductor longus X 


Semoral vein *« 


Adductor magnus 


Vastus 


femoral nerve Wey | i. | ; ee femoral art, } lateralis 


adductor opening : 
N Gracilis 


genit suprema_ A 
art. ~} ‘posterior femoral cuta- 


neous nerve X 


Semitendinosus “Biceps femoris 
es og eae } fy articular branch ; 
, Semimem- & 
branosus* ¥ 


medial genu poplitealart. - p 
super. art, 


“tibial nerve 


“common peroneal 
nerve 


popliteal vein. | WaT 


small saphe-. 
nous vein 


Fig. 576. 


articular rete - , S j 
of knee TN I] Fig. 575. 


Yateral sural cuta- 
\f neous nerve 
i | )* tendon of biceps 
: . ; i ‘emori: 
4 inferior art. at ri Wi! f is 
Gastrocnemius -*~ 
medial sural cutan. nerve“ 


/ 
/ 


small saphenous vein 


inferior gluteal art. ¢ 


rai) 


superior gluteal artery (superior branch) 
Glutaeus medius 


t 
Glutaeus d 
maximus X 


Fig. 578. 


/ Semimem- Semitendi- . 3 
vessels + , "| Glutaeus S nosus Biceps perfor. art. 111 
pudic \ Oe “maximus X 
nerve \ : 


Memoral 
cutaneous 


rete 
nerve X 
branches of medial i 
circumfpl. fem. art. ~ \ . Quadratus 
ey Oi 
muscular branches of Je Jemeyis 
tibial nerve BY 2 Adductor 
minimus 
perforating 
art. I 


{ _ poplit. 
sciatic nerve . Adductor surface 
f magnus . 
_, Biceps 


W perforat. art. 11 


/ 
, 


/ 
Wlat. genu sup. 
-—-- artery 


long head of 
biceps 4 genu supre 
artery 


Semitendinosus - 


_poplit. art. 
Semimem- 
branosusX } 
int, genu sup. A~ 


__sural arts. 
art, f Wg jj pe Plantaris 


Semimembranosus _ 


i 


medial genu -> 
’ super. art. | lateral 
‘perforating ) head of 
art. IIT gastrocnem, 
short head 
tibial nerve. of biceps ‘ 
lat. genu inf. 
> artery 
common peroneal zs 
p , ; posterior 
popliteal vein -- RerVe tibial 


popliteal art. - “recurrent art, 


tibial nerve - 


medial head oft 


astr i 
gastrocnemius , Soleus X 
medial genu infer.” Ms 


artery 


Fig. 577. 


Popliteus’ | 


small saphenous vein 


“~~ lat. sural cutan. 


: ‘anterior tibial art. 
nerve Soleus X 


posterior tibial art. peroneal art, 


medial sural cutan. nerve 


THE ARTERIES. 41 


for the leg* From this point the posterior tibial artery is considerably diminished in caliber 
and pursues a slightly tortuous course downward between the deeper layer of the musculature 
of the calf (the tibialis posterior and the flexor digitorum) and the inner segment of the soleus, 
gradually approaching the inner side of the leg and becoming superficial at the inner margin of 
the soleus. The tibial nerve is lateral to the artery throughout the entire course of the vessel, 
and in the lower third of the leg the artery and the nerve are superficially situated beneath the 
crural fascia, medial to the medial border of the tendo calcaneus, and behind the tendons of the 
tibialis posterior and flexor digitorum longus. Still holding the same relation to the tibial nerve, 
the posterior tibial artery enters the sole by passing beneath the laciniate ligament midway between 
the internal malleolus and the inner margin of the tendo calcaneus, and beneath the abductor 
hallucis (as viewed from the plantar surface) the artery divides into its two terminal branches, 
the medial and lateral plantar arteries. 

During its course down the leg the posterior tibial artery gives off numerous muscular 
branches to the soleus and especially to the deeper muscles, and also some branches which 
pierce the interosseous membrane and supply the anterior muscles. The other branches 
are: 

t. The fibular branch (Fig. 581), a large muscular branch to the soleus, which runs toward 
the head and neck of the fibula, supplies the muscles arising in this situation, and anastomoses 
with the lateral genu inferior artery. 

2. The peroneal artery (Figs. 580 and 581) arises at an acute angle and passes downward 
situated deeply in the lateral portion of the leg; its course is nearly parallel with that of the poste- 
rior tibial and its caliber is almost as great. It at first lies between the soleus and the origin of 
the tibialis posterior or of the flexor hallucis longus, and lower down between the flexor hallucis 
longus and the interosseous membrane. It breaks up into its terminal ramifications below the 
external malleolus at the outer side of the calcaneus. 

During its coursé between the muscles of the leg the peroneal artery gives off numerous 
muscular branches, particularly to the soleus, to the peronei, and to the flexor hallucis longus, 
and also gives origin to the nutrient artery of the fibula. ‘The distal as well as the terminal branches 
are designated by special names: 

(a) The perforating (anterior peroneal) branch (Fig. 582) is usually but a small vessel which 
pierces the lower portion of the interosseous membrane, ramifies in the extensor digitorum and 
peronzeus tertius, and ends in the lateral malleolar rete. This branch is occasionally large and 
either partly or wholly replaces the dorsal artery of the foot, in which case the peroneal artery 
is also unusually large. 

(b) The communicating branch (Fig. 581) passes transversely, joining the posterior tibial 
artery. It runs above the talocrural articulation over the lower extremity of the tibia in front of 
the flexor digitorum longus, and ramifies in the bone, in the calcaneal tendon, and partly also 
in the muscles. 


* The relation of these vessels may also be stated by saying that the popliteal artery subdivides into three branches: 
the anterior tibial artery, the posterior tibial artery, and the peroneal artery. The two latter branches are the actual 
terminals, the first branch having been previously given off. [It may be added that embryologically the peroneal is the 
primary artery of the leg and represents the original direct prolongation of the popliteal —En] 
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Fic. 579.—The vessels and nerves of the posterior surface of the leg (superficial layer). 
The gastrocnemius has been divided and reflected. 
Fic. 580.—The vessels and nerves of the posterior surface of the leg (middle layer). 
Dissection as in Fig. 579, except that the soleus has also been divided and drawn aside. 
Fic. 581.—The vessels and nerves of the posterior surface of the leg (deep layer). 
Dissection as in Fig. 580, except that the popliteal canal has been opened and an oblique portion excised from 
the lower part of the flexor hallucis longus. The tibial nerve has been drawn to one side. *— Muscular branches. 
Frc. 582.—The vessels and nerves of the anterior surface of the leg and of the dorsum of the foot. 
The peroneus longus and extensor digitorum have been divided to expose the division of the common peroneal 
nerve. The extensor hallucis longus and the peroneal nerve have been drawn to one side and one band of the cruciate 
ligament removed. 


(c) The posterior lateral malleolar artery (Fig. 581) joins with the anterior lateral malleolar 
branch of the anterior tibial artery to form the lateral malleolar rete (see page 75). 

(d) The lateral calcaneal branches (Fig. 581) are terminals and unite with the medial cal- 
caneal branches of the posterior tibial to form the calcaneal rete (see page 75). 

3. The nutrient artery of the tibia usually arises together with the muscular branches and 
passes through the nutrient canal to the medullary cavity. In conformity with the size of this 
canal it is the largest nutrient artery in the body. 

4. The medial posterior malleolar artery (Fig. 581) sends several branches between the flexor 
tendons and the internal malleolus, some of them being superficial to the tendons, to the internal 
malleolar rete (see page 75). 

5. The medial calcaneal branch or branches (Fig. 581) arise just before the bifurcation of 
the posterior tibial in the vicinity of the laciniate ligament, and pass to the calcaneal rete. 

The two terminal branches are distributed as follows: 

6. The medial plantar artery (Figs. 584 to 586) is the smaller of the two terminals. It 
arises from the bifurcation of the posterior tibial above the abductor hallucis, and divides into 
a small superficial and a larger deep branch. The superficial branch is immediately beneath 
the plantar aponeurosis and ramifies in the abductor hallucis and in the integument. The deep 
branch is distributed to the muscles of the great toe, and at the base of this digit aids in the forma- 
tion of the medial plantar digital artery of the great toe (see page 76). 

7. The lateral plantar artery (Figs. 585 and 586), the larger terminal branch, runs obliquely 
across the proximal portion of the sole, situated deeply between the flexor digitorum brevis and 
the quadratus plante, toward the outer border of the foot, and then runs rather superficially, 
together with the lateral plantar nerve, through the lateral plantar sulcus. The termination of 
the artery passes between the abductor hallucis and the plantar interossei into the depths of the 
sole, where it pursues a curved course as the plantar arch (see page 75). In its course through 
the sole it gives off branches to the neighboring muscles, especially to the flexor digitorum brevis, 
the quadratus plante, and the abductor minimi digiti, and also gives origin to the artery for the 
lateral surface of the fifth digit, the lateral plantar digital artery jor the fijth digit. 


THE ANTERIOR TIBIAL ARTERY. 


The anterior tibial artery (Figs. 581 to 583) is the artery for the anterior aspect of the leg 
and for the dorsum of the foot; its terminal branch, however, extends to the sole of the foot. It 
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arises together with the posterior tibial artery at the bifurcation of the popliteal artery in the 
popliteal canal, and immediately after its origin passes forward between the tibia and fibula, 
above the interosseous membrane, to reach the anterior aspect of the leg. Upon the anterior 
surface of the interosseous membrane it passes downward medial to the deep peroneal nerve, 
being situated in the upper portion of its course in the interspace between the tibialis anterior and 
the extensor longus digitorum, and in the lower portion between the tibialis anterior and the 
extensor hallucis longus. As it passes behind and beneath the cruciate ligament to the dorsum 
of the foot, it is crossed by the extensor hallucis longus, so that at the lower extremity of the leg 
the anterior tibial artery is situated between the extensor digitorum and the extensor hallucis. 
Upon the dorsum of the foot the immediate continuation of the artery is termed the dorsalis pedis. 

During its course in the leg the anterior tibial artery gives numerous muscular branches to 
the extensors. It also gives off the following specially named branches: 

1. The posterior tibial recurrent artery (Fig. 581) arises from the anterior tibial before it 
reaches the anterior surface of the interosseous membrane, ascends toward the head of the fibula, 
and ramifies in the soleus and in the adjacent muscles. ‘This artery is not always present. 

2. The anterior tibial recurrent artery (Fig. 582) is a constant and rather large branch, which 
takes origin from the anterior tibial just after the latter vessel has passed the interosseous mem- 
brane. It ramifies in the origins of the extensor digitorum longus and tibialis anterior, and 
passes upward on the anterolateral surface of the knee-joint to terminate in the articular rete of 
the knee. 

3. The lateral anterior malleolar artery (Figs, 582 and 583) passes to the lateral malleolus 
between the bone and the extensor digitorum longus and anastomoses in the lateral malleolar rete 
with the perforating branch of the peroneal artery and with the lateral posterior malleolar artery. 

4. The medial anterior malleolar artery (Fig. 583), occasionally double, passes between the 
lower end of the tibia and the tendons of the tibialis anterior and extensor hallucis to the medial 
malleolar rete, where it anastomoses especially with the medial posterior malleolar artery from 
the posterior tibial. 


THE DORSAL ARTERY OF THE FOOT. 


The dorsal artery of the foot (dorsalis pedis) (Figs. 582 and 583) is the immediate continuation 
of the anterior tibial artery. It runs forward superficially beneath the fascia of the dorsum of 
the foot, in the interspace between the tendons of the extensor hallucis longus and extensor hal- 
lucis brevis, to the first interosseous metatarsal space, where it divides into its two terminal branches, 
the first dorsal metatarsal artery and the deep plantar branch. Before this terminal bifurcation, 
the artery, which is otherwise superficial, is crossed by the extensor hallucis brevis. In addition 
to the terminal branches and small twigs to the neighboring structures it gives off the following 
branches: 

1. The lateral tarsal artery (Fig. 583) arises from the commencement of the artery and passes 
beneath the extensor digitorum and the extensor hallucis toward the outer border of the foot, 
giving muscular branches to both short extensors and twigs to the joints and bones of the tarsus. 
Branches also run proximally to enter the lateral malleolar rete, and a rather larger branch passes 
distally to connect with the arcuate artery. 
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Fic. 583.—The vessels and nerves of the dorsum of the foot (deep layer). 

The cruciate ligament has been removed as has also the greater portion of the extensor digitorum longus, the 
extensor digitorum brevis, and the extensor hallucis brevis. The superficial nerves have also been cut away except 
upon the toes. + = External (motor) terminal branch of the deep peroneal nerve. + + = Articular filaments. 

Fic. 584.—The superficial vessels and nerves of the sole of the foot. 
The laciniate ligament has been divided. * = Plantar cutaneous branches of the medial plantar nerve. 


** — Plantar cutaneous branches of the lateral plantar nerve. 


2. The medial tarsal arteries (Fig. 583) are two or three small twigs which arise more dis- 
tally than the lateral tarsal artery. They run toward the medial border of the foot and end in ~ 
the medial malleolar rete. 

3. The arcuate (metatarsal) artery (Figs. 582 and 583) arises over the distal portion of the 
tarsus and pursues a slightly curved course beneath the extensor digitorum brevis to the outer 
border of the foot in the vicinity of the tuberosity of the fifth metatarsal bone, and, by anasto- 
mosing by several branches with the lateral plantar artery, forms the wide-meshed dorsal rete 
of the foot. From this rete arises the lateral dorsal digital artery of the fijth digit. 'The arcuate 
artery gives small twigs to the neighboring bones and joints and also three larger branches. ‘These 
are: 

The second, third, and fourth dorsal metatarsal arteries (Fig. 583), which run upon the dorsal 
surfaces of the three lateral dorsal interossei, which they supply. At the base of the toes each 
dorsal metatarsal artery divides into two dorsal digital arteries for the contiguous surfaces of the 
toes, these vessels being termed respectively the medial and the lateral dorsal digital arteries. 
They are distributed in exactly the same manner as the analogous vessels in the fingers. 

4. The first dorsal metatarsal artery (Fig. 583), the smaller terminal branch, runs over the 
dorsal surface of the first dorsal interosseous muscle, passes beneath the extensor hallucis brevis, 
and divides at the base of the great toe into the lateral dorsal digital artery of the hallux and the 
medial dorsal digital artery of the second digit. It also occasionally gives off the medial dorsal 
digital artery of the hallux, the origin of which is variable (see page 76). 

5. The deep plantar branch (Figs. 583 and 586), the larger terminal of the dorsalis ned 
passes between the heads of the first ddrsal interosseous muscle to reach the sole of the foot, 
where it joins the lateral plantar artery to form the plantar arch (see page 75). 


THE ARTICULAR RETIA OF THE LOWER EXTREMITY. 


In the lower extremity retia are found not only in the neighborhood of the main joints but 
also over projecting bony prominences. These retia are: 

The trochanteric rete (Figs. 577 and 717) is a small network situated over the great tro- 
chanter, and is supplied by branches of the superior gluteal, inferior gluteal, and lateral circum- 
flex femoral arteries. It is, therefore, an anastomosis of branches from the hypogastric and 
femoral arteries. 

2. The articular rete of the knee (Figs. 573, 574, and 582) is the largest articular rete of the 
entire body. It is situated over the anterior and lateral surfaces of the knee-joint, partly super- 
ficial as the patellar rete upon the anterior surface of the patella, and partly behind this bone and 
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the patellar ligament and laterally to them behind the fascia and the lateral ligaments, and in 
_ the interior of the joint. It is formed by branches of the genu suprema from the femoral artery, 
by twigs from the five genual branches of popliteal artery, by the tibial recurrent arteries (by 
the anterior and partly also by the posterior), by the anterior tibial artery, and usually also by 
the fibular branch of the posterior tibial. Anastomoses occur not only between the branches 
coming from above and from below on the same side but also transversely between the arteries 
of the lateral and medial surfaces of the joint. 

3. The medial malleolar rete (Fig. 583) is situated superficially upon the medial malleolus, 
and is formed by the anastomoses of twigs of the medial anterior malleolar artery from the anterior 
tibial, of the medial posterior malleolar artery from the posterior tibial, and of the medial tarsal 
arteries from the dorsalis pedis. 

4. The lateral malleolar rete (Figs. 582 and 583) is placed superficially upon the lateral 
malleolus, and is formed by twigs from the lateral anterior malleolar artery from the anterior 
tibial, from the lateral posterior malleolar and perforating branches of the peroneal artery, and 
from the lateral tarsal artery from the dorsalis pedis. 

5. The calcaneal rete (Fig. 581) is a superficial network between the calcaneus and the fatty 
layer of the sole, and is formed by the lateral calcaneal branch of the peroneal artery, by the medial 
calcaneal branch of the posterior tibial, and by anastomoses with the two malleolar retia. 

6. The dorsal rete oj the foot (Fig. 583) is a wide-meshed network upon the dorsal surfaces 
of the distal tarsal bones and of their articular capsules, and is formed by anastomoses of the 
arcuate and lateral plantar arteries. 


THE ARTERIES OF THE FOOT. 


In a general way the arteries of the dorsum of the foot (Fig. 583) are distributed like the 
analogous vessels in the hand. The dorsal artery of the foot corresponds to the radial artery 
in the hand, and its ramifications have previously been described. In the sole of the foot, however, 
the conditions are markedly different, since there is but a single arterial arch in this situation, 
the plantar arch (Fig. 586), formed by the anastomosis of the deep terminal branch of the lateral 
plantar artery with the deep plantar branch of the dorsal artery of the foot. It is convex ante- 
riorly, is situated near the middle of the length of the metatarsal bones in immediate contact 
with the plantar interossei, and is covered upon its plantar aspect by the oblique head of the 
adductor hallucis. In addition to small muscular and articular branches, the plantar arch 
gives origin to four plantar metatarsal arteries (Figs. 584 to 586), which run toward the toes in 
the interosseous spaces. The largest of these is the medial jirst plantar metatarsal artery and the 
smallest is the lateral fijth plantar metatarsal artery. The first plantar metatarsal artery runs 
between the two tendons of insertion of the flexor brevis hallucis and always unites with the 
termination of the deep branch of the medial plantar artery to form the internal (tibial) plantar 
digital artery of the hallux. It then divides into the lateral (fibular) plantar digital artery oj the 
hallux and the medial (tibial) plantar digital artery of the second digit. After passing above the 
transverse head of the adductor hallucis, each of the remaining plantar metatarsal arteries divides 
at the bases of the toes into a medial (tibial) and a lateral (fibular) plantar digital artery for the 
contiguous surfaces of the digits. 
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Fic. 585.—The vessels and nerves of the sole of the foot (middle layer). 

The abductor hallucis has been divided and the greater portion of the flexor digitorum brevis removed together 
with the plantar aponeurosis. * = Branch to flexor digitorum brevis. ** = Branch to quadratus plante. *** — Divided 
cutaneous branch. 

Fic. 586.—The vessels and nerves of the sole of the foot (deep layer). 

Dissection as in Fig. 585. There have also been divided the tendon of the flexor hallucis longus, the quadratus 
plant, and the tendons of the flexor digitorum longus, the oblique head of the adductor hallucis, and the medial plantar 
nerve. 


Every toe in the foot, like every finger in the hand, has four arteries—two small dorsal 
arteries, which extend only as far as the second phalanx, and two larger plantar arteries. 

These are: 

(2) IN THE DORSUM OF THE FOOT (Fig. 583). 

1. The medial (tibial) dorsal digital artery of the hallux, usually from the first dorsal meta- 
tarsal artery, sometimes also partly from the medial plantar artery. 

2. The lateral (fibular) dorsal digital artery of the hallux and the medial (tibial) dorsal digital 
artery oj the second digit from the first dorsal metatarsal artery. 

3. The lateral (fibular) dorsal digital artery oj the second digit and the medial (tibial) dorsal 
digital artery of the ihird digit from the second dorsal metatarsal artery. 

4. The lateral (fibular) dorsal digital artery of the third digit and the medial (tibial) dorsal 
digital artery of the fourth digit from the third dorsal metatarsal artery. 7 

5. The lateral (fibular) dorsal digital artery of the fourth digit and the medial (tibial) dorsal 
digital artery of the fijth digit from the fourth dorsal metatarsal artery. 

6. The lateral (fibular) dorsal digital artery of the jijth digit from the dorsal rete of the foot. 


() IN THE SOLE OF THE FOOT (Figs. 584 to 586). 

1. The medial (tibial) plantar digital artery of the hallux from the first plantar metatarsal - 
and the medial plantar arteries. 

2. The lateral (fibular) plantar digital artery of the hallux and the medial (tibial) plantar digital 
artery of the second digit from the first plantar metatarsal artery. 

3. The lateral (fibular) plantar digital artery of the second digit and the medial (tibial) plantar 
digital artery oj the third digit from the second plantar metatarsal artery. 

4. The lateral (fibular) plantar digital artery of the third digit and the medial (tibial) plantar 
digital artery of the fourth digit from the third plantar metatarsal artery. 

5. The lateral (fibular) plantar digital artery of the jourth digit and the medial (tibial) plantar 
digital artery oj the fijth digit from the fourth plantar metatarsal artery. 

6. The lateral (fibular) plantar digital artery of the fijth digit from the lateral plantar artery. 


THE VEINS. 


The Development of the Venous System.—In the course of embryonic life the venous system is greatly changed 
from its original condition. In the first stage of the embryonic circulation two large curved venous trunks, designated 
as the ducts of Cuvier, each of which collects the blood from its side of the body, empty into the heart by a transverse 
connection, thé sinus rewniens. This sinus reuniens is subsequently included in the heart and becomes the sinus of the 
vene cave of the right atrium (see Vol. II, pages 171 and 176). 
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region and the cardinal vein from the body wall (and from the still relatively small lower half of the body). 
‘jugular vein subsequently becomes the internal jugular, while the external jugular appears later as a prolongation down- 
ward of the facial vein—Ep.] ‘The subclavian vein originates as a lateral branch of the primitive jugular vein. The 
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Each duct of Cuvier is formed by the union of two large venous trunks, the primitive jugular vein from the cephalic 
[The primitive 


cardinal veins are the forerunners of the azygos and hemi-azygos veins, and their radicles collect the blood from the 


body-walls and also from the relatively small lower extremities, the inferior vena cava not existing at this time, and the 


umbilical vein passing directly to the sinus reuniens. The first-formed portions of the venous system are consequently 


paired throughout. 

The first modification of this primitive condition occurs in the region of the ducts of Cuvier. 
of the heart favors the flow of the venous blood to the right half of the body of the embryo, and the growth of the left 
duct of Cuvier becomes arrested, a portion of its blood passing into the right duct through a transverse anastomosis, 
the subsequent left innominate vein.* The right duct of Cuvier becomes the superior vena cava, while the left duct 
becomes obliterated from the origin of the previously mentioned transyerse anastomosis to the terminal portion, which 
has come to lie in the coronary sulcus as a result of the rotation of the heart and which forms the coronary sinus and 
The obliterated portion becomes the fold (ligament) of the left vena cava (see 


The oblique position 


the left oblique vein of the atrium. 
Vol. II., page 182). 
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Fic. 586, a.—Diagrams showing the development of the inferior vena cava: In A is shown the hepatic portion 
together with the cardinal and subcardinal veins; in B is shown the formation of the postrenal portion from the right 
cardinal, and in C its formation by the fusion of the supracardinals. The hepatic portion is represented in solid 


black; the subcardinal portion is shaded. 


[The inferior vena cava is represented in the earlier stages only by that portion of the adult vein which intervenes 
between the entrance of the hepatic veins and the right atrium, this portion representing the upper end of the ductus 
venosus (see Vol. II., page 169). The drainage of the abdominal walls, the paired abdominal and the pelvic viscera, and 
the lower limb passes at this stage through the cardinal vein. Later, by the anastomosis of mesenterial afferents of the 
cardinals, there is formed, ventral to each kidney, a longitudinal stem, the swbcardinal veins, and between these, especially 
at the level of the renal veins, cross anastomoses are formed, and the right subcardinal, furthermore, makes connection 
above with the portion of the vena caya already in existence. Later, the left subcardinal practically disappears and 
the upper abdominal portions of both cardinals also degenerate, so that the right subcardinal becomes the drainage 


* The right innominate vein originates from the terminal portion of the primitive jugular vein (between the right 
duct of Cuvier and the orifice of the internal jugular and subclavian veins). 
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stem for both kidneys and forms a second segment of the vena cava inferior—namely, that intervening between the original 
portion derived from the ductus venosus and the level of the renal veins—or it may be as far down as the right internal 
spermatic vein. 

As regards the formation of the lowest portion of the inferior cava, two possibilities exist. It is usually described 
as developing from the lower portion of the right cardinal, the left common iliac vein opening into this vein by means 
of a cross connection which develops between the two cardinals at the level of the entrance of the iliacs into them. 
The lower part of the left cardinal then disappears, except the small portion intervening between the left renal and the 
left internal spermatic veins, and the persistent portion of the right cardinal unites with the portion of the vena cava 
formed by the right subcardinal. 

According to another view, the lower or postrenal portion of the inferior cava is formed by the coming together 
of two additional longitudinal stems, the supracardinals (McClure), which develop along a line dorsal to both the car- 
dinals and the subcardinals, and eventually completely replace the lower portions of the original cardinals. Numerous 
cross anastomoses occur between the cardinals and the collaterals, and by means of these the iliac and lumbar veins 
transfer their blood from the cardinals to the collaterals. The right internal spermatic vein transfers its connection from 
the right cardinal to the lower part of the persistent right subcardinal, while the left internal spermatic retains its open- 
ing into the left cardinal, the portion of that vein between the entrances of the internal spermatic and renal veins per- 
sisting. —ED. ] 


THE VEINS OF THE LESSER OR PULMONARY CIRCULATION. 
‘THE PULMONARY VEINS. 


In the vicinity of the root of the lung upon either side there are usually formed two veins, 
known as the right and lejt pulmonary veins (Figs. 447, 448, 519, and 523). ‘They are short, 
wide, valveless trunks about 14 cm. in length, and arise in a rather variable manner within the 
root of the lung by the coalescence of the larger veins of the lung as they lie in the pulmonary 
hilus below the large branches of the bronchi. 

A superior and an inferior pulmonary vein come from each lung. The two veins from each 
lung empty close together into the left atrium (see Vol. II., page 179), while the terminations 
of the veins of opposite sides are separated from each other by a distance of about 3 cm. All 
four veins pierce the pericardium before opening into the atrium. 

The right and the left pulmonary veins do not pursue exactly the same course. The right 
veins are somewhat longer than the left and run in the pericardium behind the lower portion of 
the superior vena cava and the sinus of the vene cave of the right atrium, but their course, like 
that of the somewhat shorter vessels of the left side, is almost transversely from the pulmonary 
hilus to the left atrium. 

The pulmonary veins carry arterial blood—i. e., blood rich in oxygen and poor in carbon 
dioxide—and not venous blood, like the systemic veins. In contrast to the pulmonary arteries, 
which belong exclusively to the pulmonary circulation, the pulmonary veins receive a few bron- 
chial veins and anastomose with small veins of the mediastinum, so that they carry traces of the 
venous blood of the systemic circulation. 


‘THE VEINS OF THE SYSTEMIC CIRCULATION. 


The veins of the systemic circulation which collect the blood distributed by the branches 
of the aorta do not unite to form a single trunk, but are composed (1) of the cardiac veins, which 
empty separately into the heart, and (2) of the two vene cave, which correspond to the remaining 
branches of the aorta. The superior vena cava carries the blood from the upper half of the body 
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to the heart, while the inferior vena cava carries'the blood from the lower half. It should be 
noted, however, that a portion of the blood from the lower half of the body—namely, part of 
that derived from the posterior abdominal walls—is conducted to the superior vena cava by the 
azygos vein.* 


THE CARDIAC VEINS. 


Almost all of the cardiac veins (Figs. 536 and 537) empty into a large common trunk, the 
coronary sinus of the heart, which delivers its blood to the right atrium. Some of the smaller 
veins, however, empty by separate orifices. 

I. The coronary sinus of the heart (Fig. 537) is a short, broad, thick, valveless trunk, 
situated in the posterior portion of the coronary sulcus of the heart, and is the direct continuation 
of the great cardiac vein. In addition to this vein it also receives the middle and the small car- 
diac as well as a few other small veins. Its tributaries are: 

1. The great cardiac vein (Figs. 536 and 537), the largest of all the cardiac veins, is valve- 
less like its fellows, and seems to be the immediate continuation of the coronary sinus in the 
posterior portion of the coronary sulcus. It originates in a vein which accompanies the anterior 
descending branch of the left coronary artery in the anterior longitudinal sulcus of the heart, 
and collects the blood from the anterior surface of the two ventricles. During its course in the 
coronary sulcus it receives other veins from the substance of the left ventricle, particularly the 
following vessels, as well as a small vein from the left auricle: 

(a) The posterior vein of the left ventricle (Fig. 537) arises upon the diaphragmatic surface 
of the heart in the region of the apex, where it anastomoses with the radicles of the middle cardiac 
vein. It runs almost parallel with the great longitudinal sulcus and empties into the great car- 
diac vein. 

(b) The oblique vein of the left atriwm—vein of Marshall—(Fig. 537) collects the blood 
from the posterior wall of the left atrium and runs obliquely over the posterior surface of this 
portion of the heart to the great cardiac vein. ‘Together with the coronary sinus it forms the 
remaining portion of the left superior vena cava of embryonic life. A band of connective tissue 
extends from it to the left pulmonary veins, and beyond them to the obliterated portion of the 
left superior vena cava and is known as the ligament (fold) of the vena cava (vestigial fold oj the 
pericardium). ‘The oblique vein of the left atrium empties at the junction of the great cardiac 
vein with the coronary sinus, and its orifice may be taken as the boundary between these two 
structures. 

2. The middle cardiac vein (Fig. 537), the second largest tributary of the coronary sinus, 
arises in the neighborhood of the apex and is connected by anastomoses with the posterior vein 
of the left ventricle and with the radicles of the great cardiac vein. It runs upward alongside 
of the posterior descending branch of the right coronary artery in the posterior longitudinal 
sulcus, receives veins from the posterior surfaces of both ventricles, and empties into the coronary 
sinus just before this structure enters the night atrium. 

3. The small cardiac vein (Fig. 537) is smaller than the preceding vessel and is not always 


* It has previously been mentioned (see Vol. II., page 165) that the tributaries of the veins of the systemic circula- 
tion do not correspond either in number or in their relations with the similarly named arterial branches. 
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Fic. 587.—The large venous trunks of the thoracic cavity as viewed from in front and somewhat from 
the right. 
The aorta has been removed, the superior vena cava divided just before entering the pericardium, and the inferior 
vena cava almost entirely cut away. 


present. It arises near the right margin of the right ventricle, accompanies the right coronary 
artery in the right portion of the coronary sulcus, and empties into the coronary sinus or into the 
preceding vessel, which not infrequently replaces it entirely. 

II. The anterior cardiac veins (Fig. 536) are usually several vessels of fair size which col- 
lect the blood from the anterior surface of the right ventricle. ‘They pass above the right half 
of the anterior portion of the coronary sulcus below the margin of the nght auricle and empty 
separately into the right atrium. 

III. The smaller cardiac veins are minute atrial vessels, situated especially in the wall of 
the right atrium and in the atrial septum, and empty into the right atrium by the Thebesian 
foramina (see Vol. II., page 177). 


THE SUPERIOR VENA CAVA. 


The superior vena cava (Figs. 462, 518, 519, 533, 534, 530, 537, 587, and 588) is a thick, 
valveless trunk about 6 cm. in length, which runs almost exactly from above downward behind 
and beside the right border of the sternum, almost parallel with the ascending aorta. Its course 
is fairly straight, although its upper extremity lies more to the left and anteriorly and its lower 
extremity more to the right and posteriorly. ‘Throughout its entire length it is situated within 
the thoracic cavity and its lower portion is also within the pericardium, its medial surface being 
invesied for a considerably greater distance than its lateral. The site of entrance into the right 
atrium corresponds to the level of the sixth or seventh thoracic vertebra and to that of the attach- 
ment of the third right costal cartilage to the body of the sternum. The upper extremity of 
the superior vena cava, where it is formed by the junction of the two innominate veins, lies behind 
the attachment of the first right costal cartilage to the sternum, and in front of it there is con- 
sequently, in addition to the right border of the sternum, the lower portion of the first, the second, 
and part of the third right costal cartilages. Since the ascending aorta is more anterior than 
the superior vena cava its most marked dilatation (the great sinus, see page 19) partly over- 
laps the medial border of the vein, and the right phrenic nerve runs along that portion of its 
lateral wall which is situated above the pericardium. A portion of the thymus gland is situated 
anteriorly, and posteriorly are found the right branch of the pulmonary artery, the right pul- 
monary veins, and the right bronchus. Within the pericardial cavity the superior vena cava is 
in relation anteriorly with the right atrium and to the left with the root of the aorta. 

In addition to the two innominate veins, which are to be regarded as the roots of the superior 
vena cava, this great trunk receives only a single large branch, the azygos vein. 


THE AZYGOS AND HEMI-AZYGOS VEINS. 


The azygos vein is not actually an unpaired vein, as its name implies, since there is upon 
the left side a corresponding structure, the hemi-azygos vein, which, however, is usually incom- 
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pletely developed, is much smaller than the azygos vein, and empties its blood either partly or 
wholly into the latter. The two veins are the unequally persistent remains of the embryonic 
cardinal veins (see page 77). 

The azygos (vena azygos major) vein (Figs. 462, 538, and 587) is a large, valveless, or almost 
valveless vein, situated upon the right side of the body in front of the lateral surfaces of the thoracic 
vertebra, and serves chiefly for the reception of the right, and indirectly also for a portion of 
the left intercostal vein. It arises in the space between the middle and internal crura of the 
lumbar portion of the diaphragm as the immediate continuation of the right ascending 
lumbar vein, and empties into the superior vena cava just before this structure enters the peri- 
cardium. It pursues a fairly straight, at most only a slightly tortuous course, upward to the 
level of the body of the third thoracic vertebra, and is situated in the posterior mediastinum in 
front of the right intercostal arteries and to the right of the thoracic aorta and of the cesophagus. 
In front of the third thoracic vertebra, the vein passes anteriorly and curves over the root of the 
right lung to the superior vena cava, into the posterior wall of which it empties just before 
the cava enters the pericardium. ‘The concavity of the curve of the azygos vein is directed 
downward. 

The hemi-azygos (vena azygos minor) vein (Figs. 462 and 587) is considerably smaller than 
the azygos. It arises in a similar manner upon the left side between the lumbar crura of the dia- 
phragm from the left ascending lumbar vein, and runs upward upon the left surfaces of the bodies 
of the lower thoracic vertebre in the posterior mediastinum, to the left and behind the thoracic 
aorta and in front of the left intercostal arteries. At the middle of the thoracic vertebral column 
several transverse branches usually connect it with the azygos vein, into which it finally empties 
by a larger transverse branch. 

The azygos and hemi-azygos veins receive as chief tributaries the intercostal veins, the azygos 
either receiving all the right intercostal veins or else the upper right intercostal veins form a 
supreme intercostal yein, corresponding to the artery, which may empty into the azygos vein, 
but usually terminates in the right innominate vein (see page 83). 

The upper left intercostal veins do not empty into the actual hemi-azygos vein, this usually 
terminating at the middle of the thoracic vertebral column, but into a descending vein, the acces- 
sory hemi-azygos which represents a left supreme intercostal vein and consequently almost always 
anastomoses with the left innominate vein. After receiving the upper left intercostal veins 
it descends to join the hemi-azygos or empties with this structure (more rarely independently) 
into the azygos vein. 

The tributaries of the azygos and hemi-azygos veins are: 

1. The ascending lumbar vein (Figs. 587 and 716) arises upon either side from the sacral 
and lumbar veins near the promontory of the sacrum behind the psoas major and passes upward 
behind this muscle. It anastomoses with the lumbar veins, with the inferior vena cava (espe- 
cially the right vein), and with the renal vein, and at the lumbar portion of the diaphragm becomes 
the azygos or the hemi-azygos vein, as the case may be. 

2. The intercostal veins (Figs. 538 and 587) accompany the arteries of the same name in 
the posterior portions of the intercostal spaces, and are situated above and somewhat in front 
of them. The upper ten intercostal veins are connected anteriorly with the branches of the 
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internal mammary veins, and are provided with valves at their junctions with the azygos or 
hemi-azygos veins. 

Each vein receives a very large dorsal branch, which corresponds with the dorsal branch 
of the intercostal artery and receives venous blood from the dorsal musculature and, by 
means of a spinal branch, the blood from the numerous vertebral veins. The intercostal veins 
always anastomose with the veins of the axilla by means of the costo-axillary veins (see page 93) 
and with each other; the lower ones also anastomose with the veins of the diaphragm and of 
the abdominal muscles. 


THE VEINS OF THE VERTEBRAL COLUMN. 


Throughout the entire length of the vertebral column, both upon the anterior and upon the posterior surfaces of the 
vertebral bodies, there are numerous venous plexuses which empty the greater portion of their blood into the veins of the 
body wall (the intercostal and the lumbar veins). 

1. In the spongy substance of the vertebral bodies there are veins whose walls are devoid of muscular tissue and 
which pursue a radiating course. These are the basivertebral veins, and they empty into the longitudinal vertebral sinuses 
by transverse connecting branches which pass between the posterior longitudinal ligament and the posterior surfaces 
of the vertebral bodies. 

2. The longitudinal vertebral sinuses are paired columns of venous plexuses, situated upon the posterior surfaces 
of the vertebral bodies to either side of the posterior longitudinal ligament. These veins also lack muscular tissue in their 
walls, and are especially well developed at the level of the middle of the vertebral bodies, where they are connected by 
transverse branches, and are relatively smaller opposite the intervertebral fibrocartilages. 

3. The intervertebral veins are venous trunks which accompany the spinal nerves; they are plexiform derivatives 
of the longitudinal sinuses and of the external and internal vertebral plexuses, and empty into the vertebral vein (see 
page 8r) in the neck, into the intercostal veins in the thorax, into the lumbar veins in the loin, and into the lateral sacral 
veins in the sacral region. ‘They also usually receive the anterior and the posterior external * spinal veins, which are 
situated upon the surface of the spinal cord and accompany the anterior and the posterior spinal arteries. 

4. The external vertebral venous plexuses are networks situated upon the outer surface of the vertebral column; 
they are subdivided into small anterior and larger posterior plexuses. The anterior vertebral venous plexuses are well 
developed only in the cervical region, where they are situated in front of the vertebral bodies and the longus capitis and 
longus colli muscles and are connected with the intervertebral veins. The much larger posterior vertebral venous plexuses 
lie upon the posterior surface of the vertebral column and the short muscles of the back; they receive blood from these 
muscles and from the vertebre themselves and empty, either by means of the intervertebral veins or directly, into the 
spinal branches of the vertebral, intercostal, lumbar, and lateral sacral veins. 

5. The internal vertebral venous plexuses are venous networks which are situated between the spinal dura mater 
and the periosteum throughout the entire length of the vertebral canal, and which anastomose with the posterior venous 
plexuses by branches which pierce the ligamenta flava. Transverse branches form plexiform communications of the 
individual plexuses with each other and with the longitudinal vertebral sinuses, so that at every vertebra a circular venous 
plexus is formed within the dura of the spinal cord. ‘These plexuses, which are found throughout the entire length of 
the vertebral canal, are known as the venous vertebral retia. 


THE INNOMINATE VEINS. 

The innominate veins (Figs. 451, 452, 539, 551, 587, 588, 700, and 701) are the actual roots 
of the superior vena cava, to which they conduct the blood from the half of the head and neck 
and from the upper extremity of the same side, and they also receive the chief lymphatic trunks 
of the body (see page 106). The left innominate vein in addition receives the blood from the 
upper portion of the thoracic cavity and from the anterior thoracic wall. 

The innominate vein arises upon either side in the superior thoracic aperture, behind the 
sternoclavicular joint and the origins of the sternohyoideus and sternothyreoideus, by the junction 


* The veins coursing in the interior of the spinal cord are known as the internal spinal veins. 
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of the internal jugular, external jugular, and subclavian veins. This point is designated as the 
venous angle (right and left). One of the smaller venous tributaries occasionally also empties 
in this situation, or the external jugular vein does not pass directly to the venous angle, but 
indirectly by joining with one of the other two veins, especially with the subclavian, close to 
the venous angle. 

Both innominate veins are valveless, but they are of unequal length and their courses and 
relations are also dissimilar. The right innominate vein is short and runs downward from the 
right venous angle behind the first costal cartilage and lateral to the bifurcation of the innominate 
artery, to the superior vena cava. ‘The left innominate vein is twice as long as the right, and 
runs obliquely, although almost horizontally, behind the manubrium of the sternum, covered 
by the thymus gland, in front of the origins of the left common carotid, left subclavian, and 
innominate arteries, and immediately above the arch of the aorta. It possesses more tributaries 
than the right, among those peculiar to it being the vena thyreoidea ima, which descends in the 
median line of the neck, and also the thymic veins; it is consequently somewhat larger than 
the right vein. 

In addition to the three roots the innominate veins also receive the following veins: 

1. The injerior thyreoid veins (Fig. 588) correspond only in part with the arteries of the 
same name and their tributaries are even more variable. They lie deeply in the median region 
of the neck, mostly behind the sternohyoid and sternothyreoid muscles, and collect the blood 
from the lower portion of the thyreoid gland, from the lower portions of the larynx and pharynx, 
from the cervical portion of the cesophagus, and from the upper portion of the trachea. At the 
lower margin of the isthmus of the thyreoid gland they form an unpaired network, the unpaired 
thyreoid venous plexus, which gradually passes into an unpaired vessel, the vena thyreoidea ima, 
descending in front of the trachea and emptying into the left innominate vein behind the manu- 
brium of the sternum. In addition there is usually also a paired inferior thyreoid vein which 
collects the blood from the lower portions of the lateral lobes of the thyreoid gland, anastomoses 
with the preceding vessels, and empties either into the corresponding innominate or into the 
lower portion of the internal jugular vein. 

2. The thymic veins (Fig. 588) are small venous trunks from the thymus gland, the majority 
of which empty into the left innominate vein. 

3. The pericardiac veins (Figs. 461 and 462), the superior phrenic veins (accompanying 
the pericardiacophrenic artery), the anterior bronchial veins, the anterior mediastinal veins, the 
esophageal veins, and the tracheal veins are small venous branches coming from the parts indicated 
by their names, and usually emptying into one of the innominate veins or occasionally into the 
superior vena cava. 

4. The internal mammary vein (Fig. 553) accompanies the terminal portion of the similarly 
named artery, to which it corresponds in a general way. Its radicles, the superior epigastric 
and musculophrenic veins, accompany the corresponding arteries as venz comitantes, and it 
also receives the anterior intercostal veins, occasionally the superior phrenic veins and sternal 
and perforating branches. Sometimes the internal mammary veins of both sides empty into 
the left innominate vein. 

5. The supreme intercostal vein (Figs. 538 and 587) differs upon the two sides. The left 


84 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


Fic. 588.—The deep veins and arteries of the neck and the great venous and arterial trunks of the thorax. 

Upon both sides the sternocieidomastoidei and the infrahyoid muscles have been partly cut away, the mylohyoid 
and digastric divided, and the sternum, together with portions of the ribs and clavicle, removed. * = Commencement 
of right innominate vein. ** = Posterior root of external jugular vein. + = Oral mucous membrane. + * = Anasto- 
mosis between hypoglossal and lingual nerves. 


vein is usually larger than the right and frequently runs downward to the hemi-azygos vein as 
the accessory hemi-azygos vein (see page 81), although it still retains its connection with the 
left innominate vein. The right vein, after receiving the blood from the three upper intercostal 
spaces, usually empties into the right innominate vein, more rarely into the azygos vein. 

6. The vertebral vein (Fig. 696) corresponds to the cervical, but not to the cerebral portion 
of the vertebral artery. Together with the vertebral artery it lies in the canal formed by the 
foramina transversaria of the upper six cervical vertebra, and frequently passes also through 
the foramen transversarium of the seventh vertebra. It arises upon the posterior surface of the 
posterior arch of the atlas from the external vertebral venous plexuses, is reinforced by anasto- 
moses with the occipital vein and by twigs from the intervertebral veins (see page 82), and empties 
either alone or together with the following vessel, into the posterior surface of the first portion 
of the innominate vein. 

7. The deep cervical vein (Fig. 696) is larger than the vertebral and larger than the artery 
of the same name; it is, in fact, the largest vein in the nuchal region. It also arises from the 
external venous plexuses of the cervical vertebral column and from large anastomoses with the 
occipital vein (see page g1), and runs downward in the neck, together with the artery of the 
same name, between the semispinalis capitis and the semispinalis cervicis. It collects the venous 
blood from the nuchal musculature, passes forward with the deep cervical artery, and empties 
into the posterior surface of the commencement of the innominate vein, below the transverse 
process of the sixth cervical vertebra. Its orifice is usually guarded:by a valve. 


THE INTERNAL JUGULAR VEIN. 


The internal jugular vein (Figs. 539, 551, 588, 693, 699, and 700) is a large vessel which 
collects the blood from the side of the head and neck, with the exception of those portions which 
are drained by the deep cervical veins (the deep cervical, vertebral, inferior thyreoids, see page 83) 
or by the external jugular passing to the innominate vein. Together with its tributaries it con- 
sequently corresponds in the main with the common carotid artery and its branches and also 
with the cerebral branches of the vertebral artery, since it receives all of the blood from the cranial 
cavity and from the brain. 

The internal jugular vein commences in the jugular fossa of the temporal bone with a dila- 
tation, the superior bulb of the internal jugular vein, and passes almost directly downward along 
the lateral wall of the pharynx together with the internal carotid artery, the caliber of the two 
vessels being approximately the same. The vein is at first behind and to the outer side of the 
artery, and then directly to the outer side, and the vagus nerve is situated between the artery and 
the vein. In this portion of its course the internal jugular corresponds almost exactly to the 
internal carotid artery, and not until it receives in the carotid fossa its largest tributary, the common 
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facial vein, which largely corresponds to the external carotid artery, does it become the great 
venous channel for the entire head and for a portion of the neck. It then lies lateral to the com- 
mon carotid artery, to which it corresponds in this situation, and passes downward with this 
artery in a common vascular sheath as far as the venous angle (see page 83). Shortly before 
reaching the innominate vein it exhibits a second elongated dilatation about 1 cm. in length, 
the inferior bulb oj the internal jugular, and at the lower portion of this dilatation there are one 
or two valves placed in the sagittal plane, these being the only valves possessed by the vein. 
Among the chief tributaries of the internal jugular vein are: | 


THE SINUSES OF THE DURA MATER. 


The sinuses of the dura mater (Figs. 589, 590, 679, 680, and 68r) are peculiar blood chan- 
nels, usually of great width, which have no valves, are completely devoid of muscular tissue, 
and are situated between the layers of the dura mater, from which they are separated only by 
the endothelial lining of the sinus wall. They receive the blood from the entire brain, from the 
eye, from the internal ear, and from the bones of the skull, and transmit it to the internal jugular 
vein, usually through the intervention of the transverse sinus. The following sinuses of the 
dura mater may be recognized: 

1. The transverse (lateral) sinus (Figs. 589, 679, 680, 681, and 693) is paired and, as it receives 
the blood from almost all of the remaining sinuses, is by far the largest of the entire group. It 
commences in the region of the crucial eminence of the occipital bone, where it communicates 
with its fellow of the opposite side and takes up other sinuses to form the confluens sinuum (tor- 
cular Herophili), and in its subsequent course it follows the corresponding bony grooves—i. e., 
it at first runs in the posterior margin of the tentorium in the transverse groove, then in the sig- 
moid groove, and finally passes through the posterior compartment of the jugular foramen into 
the superior bulb of the internal jugular vein. The right transverse sinus is usually larger than 
the left. A cross-section of the transverse portion of the sinus is approximately triangular, 
while that of the descending portion is more circular. 

2. The superior sagittal (longitudinal) sinus (Figs. 589, 590, 679, 680, and 681) is the second 
largest sinus of the dura mater; it is unpaired and lies in the groove of the same name upon the 
inner surface of the cranial vault. It arises as a small vessel at the foramen caecum, where it anas- 
tomoses with the nasal veins, and gradually increases in caliber as it receives the cerebral veins 
in its course toward the crucial eminence. Here it enters the confluens sinuum in such a manner 
that its blood passes almost wholly into the right transverse sinus or by bifurcation into both 
transverse sinuses. Its cross-section is triangular and its lumen is traversed by numerous tra- 
beculze of connective tissue. , 

3. The injerior sagittal (longitudinal) sinus (Fig. 589) is a smaller unpaired vessel situated 
in the lower margin of the falx cerebri and running parallel to the superior sagittal sinus. It 
receives but few cerebral veins, but takes up the veins of the falx cerebri itself, increasing in 
caliber as it passes backward and empties into the straight sinus. 

4. The straight sinus (Fig. 589) is also unpaired and is situated in the posterior portion of 


the falx cerebri along the line where it is attached to the tentorium cerebelli. It pursues an. 


almost horizontal course, terminating either in the common venous space (confluens sinuum) 
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Fic. 589.—The dura mater and its sinuses as seen from the left and from above. 
The skull has been opened upon the left by a horizontal section extending almost to the median line and by a 
vertical section just to the left of the sagittal suture. A large part of the left and a small strip of the right tentorium 
have been removed. 


in front of the crucial eminence, or more frequently in the commencement of the left transverse 
sinus, in which case the superior sagittal sinus empties into the right transverse. 

5. The occipital sinus (Fig. 589) is a small, usually unpaired vessel of variable development 
which commences at the confluens sinuum, passes downward in the base of the falx cerebelli 
to the posterior circumference of the foramen magnum, and bifurcates in this situation to pass 
upon either side partly to the transverse sinus and partly to the internal vertebral venous plexuses 
of the upper cervical vertebre. 

6. The cavernous sinus (Figs. 589 and 679) is paired, situated at either side of the sella 
turcica, and covered by the portion of the dura mater which passes from the anterior clinoid process 
to the anterior portion of the line of origin of the tentorium from the superior border of the pyra- 
mid portion of the temporal bone. The sinus is a rather wide, irregular space, subdivided by 
numerous connective-tissue septa, and it contains the internal carotid artery with its sympathetic 
plexus and the abducens nerve. The cavernous sinuses of the two sides are connected with each 
other by transverse venous anastomoses, the anterior and posterior intercavernous sinuses, passing 
in front of and behind the hypophysis, and in this manner producing around the hypophysis 
the circular sinus. 

7. The sphenoparietal sinus (Figs. 589 and 679) is a small paired vessel which commences 
upon the cerebral surface of the parietal bone and then runs along the posterior sharp margin 
of the lesser wing of the sphenoid to reach the cavernous sinus. 

8. The injerior petrosal sinus (Fig. 589) is a paired vessel running in the groove of the 
same name along the petro-occipital fissure and connecting the posterior portion of the cavernous 
sinus with the superior bulb of the internal jugular vein. In its course it runs between the nerves 
which pass through the anterior compartment of the jugular foramen. 

9. The superior petrosal sinus (Figs.\589, 679, and 680), also paired, runs in the groove 
of the same name upon the superior border of the pyramid of the temporal bone at the attached 
margin of the tentorium. It connects the posterior portion of the cavernous sinus with the 
transverse sinus, opening into the latter where it changes its direction from the horizontal to the 
vertical. | 

10. The basilar plexus (Fig. 679), formed by an extensive anastomosis of flat venous chan- 
nels, is situated upon the clivus of the occipital bone. It is connected upon either side with the 
cavernous and inferior petrosal sinuses and with the neighboring blood-channels. 


In addition to the cerebral veins and the veins of the orbit (see page 87) the sinuses of the dura mater also receive 
the following small veins. 


(a) The internal auditory veins accompany the internal auditory artery. They originate in the internal ear, pass 
through the internal auditory meatus, and usually enter the transverse sinus. 

(d) The diploic veins, flat, devoid of muscular tissue, and situated in the diploic canals, run from above down- 
*ward, and are connected in a very variable manner by emissary veins with the sinuses of the dura mater and with the 
extracranial veins. Upon either side there may be recognized a /rontal diploic vein, which empties into the superior 
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sagittal sinus and into the frontal vein; an anterior temporal diploic vein, which empties into the sphenoparietal sinus 
and into the deep temporal vein; a posterior temporal diploic vein, emptying through the parietal foramen into the superior 
- sagittal sinus and through the mastoid foramen into the transverse sinus and the posterior auricular vein; and an occipital 
diploic vein which usually connects internally with the transverse sinus through an occipital foramen opening upon the 
internal occipital protuberance, and externally with the occipital veins. 

The venous connections of the sinuses of the dura mater, of the diploic veins, and of the meningeal veins with the 
extracranial veins are known as emissary veins. The parietal emissary vein connects the superior sagittal sinus with 
the superficial veins of the skull; the mastoid emissary vein connects the transverse sinus with the occipital vein or one of 
the neighboring venous radicles of the external jugular vein; the condyloid emissary vein connects the transverse sinus 
and the external vertebral venous plexuses; the occipital emissary vein is inconstant, usually connecting only diploic veins 
with the confluens sinuum, more rarely the latter with the occipital veins. 


Venous plexuses are also situated at the following openings in the skull, giving passage to 
vessels and nerves: 

(a) The internal carotid venous plexus surrounds the internal carotid artery in its course 
through the carotid canal of the temporal bone. It forms a communication between the cavernous 
sinus and the internal jugular vein and also anastomoses with veins from the substance of the 
temporal bone. 

(6) The rete oj the-hypoglossal canal is a small venous plexus surrounding the hypoglossal 
nerve, and is connected with the occipital sinus, the internal jugular vein, and the inferior petrosal 
sinus. 

(c) The rete of the foramen ovale surrounds the mandibular nerve and forms a connection 
between the cavernous sinus and the pterygoid venous plexus. 

The chief tributaries of the sinuses of the dura mater are the ophthalmic and cerebral veins. 


THE OPHTHALMIC VEINS. 

The valveless ophthalmic veins do not differ markedly in their ramifications from the course 
of the arteries. This statement applies to a certain degree to the larger superior ophthalmic 
vein, while the inferior ophthalmic vein transmits but a portion of its blood to the cranial cavity. 

1. The superior ophthalmic vein (Fig. 679) commences anteriorly in the nasojfrontal vein, 
which accompanies the frontal artery and anastomoses with the angular vein, which is the com- 
mencement of the anterior facial vein (see page 90). It enters the orbit above the medial pal- 
pebral ligament, runs backward below the trochlea of the obliquus superior in the upper portion 
of the medial wall of the orbit, passes outward above the optic nerve and below and to the outer 
side of the rectus superior, and reaches the cavernous sinus through the superior orbital fissure. 
During its course through the orbit it receives the anterior and posterior ethmoidal veins, the 
anterior and posterior conjunctival veins, muscular veins with their tributary episcleral and anterior 
ciliary veins, the lachrymal vein, the vorticose veins (see under Organs of Special Sense), the 
posterior ciliary veins, occasionally the central vein of the retina, which may also empty inde- 
pendently in the cavernous sinus, and finally the superior terminal branch or an anastomosis of 
the inferior ophthalmic vein. 

2. The injerior ophthalmic vein does not pursue a constant course. It is situated in the 
lower portion of the orbit below the optic nerve where it arises from the veins of the lower lid 
and those of the lachrymal sac, and divides into two terminal branches, one of which either joins 
the superior ophthalmic vein or only anastomoses with it, emptying independently into the cav- 
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Fic. 590.—The arteries and veins of the brain as seen from above. 
A piece of the dura mater has been left iz situ along the superior sagittal sinus; the sinus itself has been opened 
longitudinally. * = Termination of veins in sinus. 


ernous sinus, while the second terminal branch runs through the inferior orbital fissure to the 
facial anastomotic vein (see page go) and to the pterygoid plexus. 


THE CEREBRAL VEINS. 


The cerebral veins pursue an essentially different course from that of the arteries, the two 
structures being partly associated only in the sulci of the surface of the cerebrum. While the 
chief ramifications of the arteries are located at the base of the brain, no large veins whatever 
are found in this situation; on the contrary, the great bulk of the cerebral veins, at least those of 
the cerebral hemispheres, empty superiorly into the superior sagittal sinus. The following valve- 
less veins, usually arranged in groups, are recognizable: 

1. The superior cerebral veins (Fig. 590) receive the blood from the greater portion of the 
surface (i. e., of the gray cortex) of the cerebral hemispheres and form from twelve to fifteen small 
trunks, which empty into the superior sagittal sinus or into the expansions of this vessel, which 
are known as the lateral lacune. Some of the veins, especially the smaller ones coming from 
the region of the corpus callosum, terminate in the inferior sagittal sinus. 

2. The middle cerebral vein, a larger vessel situated in the lateral cerebral fissure, anastomoses. 
with the superior ophthalmic vein by the ophthalmomeningeal vein and empties into the cay- 
ernous or the sphenoparietal sinus. 

3. The injerior cerebral veins (Figs. 589 and 679) collect the blood from the basal surface 
of the cerebral hemispheres and empty into the cavernous and transverse sinuses, partly also 
into the neighboring sinuses (petrosal, intercavernous). 

4. The great cerebral vein (Figs. 549 and 638) is a short, large single vein running in the 
transverse cerebral fissure and terminating in the straight sinus, which forms its immediate con- 
tinuation. It conducts the blood from the interior of the brain, particularly from the ventricular 
region, and is formed by the union of the two internal cerebral veins, which run in the tela chori- 
oidea of the third ventricle. Each internal cerebral vein is formed in the region of the inter- 
ventricular foramen by the junction of the ¢erminal and chorioid veins. The terminal vein runs 
in the terminal stria (see under Brain), receives the vein of the septum pellucidum, and collects. 
blood from the thalamus, the corpus striatum, and the corpus callosum. The chorioid vein 
drains the lateral chorioid plexus. Before their union to form the great cerebral vein, the internal 
cerebral veins also receive the veins of the chorioid plexus of the third ventricle, the veins of the 
lower surfaces of the corpus callosum and of the fornix, the veins of the pineal body, and the 
basal vein (vein of Rosenthal), an anastomotic vessel which ascends from the base of the brain 
along the crura cerebri. 

5. The superior cerebellar veins, from the upper surface of the cerebellum, pass partly to 
the straight sinus, partly to the transverse sinus. 

6. The injerior cerebellar veins, from the lower surfaces of the cerebellum, pons, and medulla 
oblongata, go chiefly to the inferior petrosal and transverse sinuses. 
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Fic. 591.—The nerves and vessels of the left side of the head (third layer). 

The masseter has been divided in the middle and reflected, the temporal fascia thrown backward from the upper 
margin of the zygoma, and the parotid gland and facial nerve completely removed. Several facial muscles have been 
partly divided and the mandibular canal chiselled open for a certain distance. * = Anastomosis between supratrochlear 
and infratrochlear nerves. ** = Root of posterior facial vein from pterygoid plexus. 

F1G. 592.—The nerves and vessels of the face (fourth layer, the deep facial veins). 

The zygomatic arch has been removed, the temporalis with the mandibular coronoid process reflected upward, 
the mandibular neck excised, the external ear cut off, and the entire mandibular canal opened up. * = Anastomosis 
between supratrochlear and infratrochlear nerves. ** = Branches of buccinator nerve passing to mucous membrane 
of the cheek. + = Mylohyoid nerve. *on the vein = divided communication with external jugular vein. 

Fic. 593.—The superficial veins of the neck and of the subclavicular fossa. 

Upon the left side the greater portion of the sternocleidomastoideus has been removed, the clavicular portion of 
the pectoralis major incised, and the mylohyoid and anterior belly of the digastric divided. * = Communication between 
the external jugular and common facial veins. ** = Occipital root of external jugular vein. + = Perforating branches 
of the internal mammary vessels. 


of the anterior and posterior facial veins, and occasionally receives in a very variable manner 
one or more of the veins which usually empty directly into the internal jugular vein (the superior 
thyreoid, the lingual, and the pharyngeal veins). It is almost invariably connected with the 
external jugular vein (see page 91) at the anterior margin of the sternocleidomastoideus. It 
is superficially placed, being covered only by the platysma and the superficial layer of the cer- 
vical fascia, and passes downward and backward, crossing the external carotid artery obliquely. 
Its termination corresponds approximately to the level of the hyoid bone. 

1. The anterior facial vein (Figs. 541, 542, 588, 591 to 593, 691, 692, 698 to 700) corresponds 
in general to the external maxillary (facial) artery, but in the orbital region it encroaches upon 
the territory of neighboring arteries (ophthalmic, superficial temporal). Upon the face it is 
situated some distance behind the external maxillary artery and pursues a less tortuous course 
than that vessel, which is accompanied by small veins. Its origin is the angular vein, which is 

situated at the inner canthus and upon the dorsum of the nose and is formed by the union of the 
- frontal and supra-orbital veins, and an anastomosis with the nasofrontal vein (see page 87). 
In this situation the anterior facial vein also receives a number of smaller veins from the orbital 
region, namely, the inferior palpebral veins, the external nasal veins, and a portion of the superior 
palpebral veins. It furthermore receives a deep branch, known as the facial anastomotic vein, 
which comes from the temporal fossa, anastomoses with the pterygoid plexus and the inferior 
ophthalmic vein, and passes transversely across the buccinator to the anterior facial vein. 

Other tributaries of the anterior facial vein are the superior and inferior labial veins, the mas- 
seteric veins, the anterior parotid veins, the palatine vein, coming from the tonsillar region, and 
finally, beneath the angle of the mandible, the large swhmental vein, which anastomoses with the 
sublingual vein and is connected with the anterior jugular vein (see below). 

2. The posterior facial (temporomaxillary) vein (Figs. 539, 541, 542, 588, 591 to 593, 601, 
692, 698 to 700) arises in front of the ear by the union of the temporal veins. The superficial 
temporal veins correspond to the branches of the artery of the same name; they do not, however, 
actually accompany these branches, but are situated at some distance from them and are con- 
nected by wide-meshed anastomoses with the occipital and the frontal veins. They unite to 
form a single trunk, which runs either in front of or behind the superficial temporal artery. 
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The large middle temporal vein (Figs. 591 and 592), however, pursues a different course from 
that of the artery of the same name. ‘It arises in the region of the lateral angle of the orbit, where 
it anastomoses with superficial veins, runs almost horizontally laterally and backward above the 
zygoma, between the temporal muscle and the temporal fascia, receiving branches from the 
muscle, perforates the temporal fascia immediately above the root of the zygoma, and joins 
the superficial temporal vein to form the posterior facial vein. 

The posterior facial vein then runs downward with the external carotid artery, behind the 
ramus of the mandible and under cover of the parotid gland, and beneath the angle of the jaw it 
unites with the anterior facial vein to form the common facial vein. During its course the pos- 
terior facial vein receives the following branches: the anterior auricular veins, from the outer 
surface of the pinna; the mandibular articular veins, from the temporomaxillary articulation; 
the tympanic and stylomastoid veins, from the tympanum; and the posterior parotid veins, from 
the parotid gland. The transverse facial vein, which is frequently partly or entirely double, 
also empties into the posterior facial vein, and the vein is also always connected by a transverse 
anastomosis with the upper portion of the external jugular vein. One of the largest tributaries 
of the common facial vein is the short venous trunk which derives its blood from the pterygoid 
plexus. 

The pterygoid venous plexus (Fig. 592) is a strong, rather narrow-meshed venous network, 
the greater portion of which is situated between the temporalis and the pterygoideus externus. 
It extends into the pterygopalatine fossa and corresponds to the internal maxillary artery, which 
it surrounds. In addition to veins from the muscles of mastication, the pterygoid venous plexus 
receives the deep temporal veins corresponding to the arteries of the same name, the spheno- 
palatine vein which conveys blood from the nasal cavity, and the masseteric and inferior alveolar 
veins, which accompany the similarly named arteries in a plexiform manner. It also receives 
the middle meningeal veins, the rete of the joramen ovale, anastomoses from the inferior ophthalmic 
vein, and the facial anastomotic vein. ‘The majority of the branches of the plexus are provided 
with valves. 


THE SUPERFICIAL (SUBCUTANEOUS) VEINS OF THE NECK. 


The most marked of the superficial veins of the neck and the one which usually receives all 
_of the remaining veins is: 

1. The External Jugular Vein (Figs. 541, 542, 588, 593, 697, 698, and 714).—The relations 
and the caliber of this vessel are variable, but it is always smaller than the internal jugular. Dur- 
ing the greater portion of its course it is situated upon the external surface of the sternocleido- 
mastoideus, over which it passes almost vertically downward, covered only by the platysma and 
the superficial cervical fascia. It is formed below the ear and the parotid gland by the junction 
of an anterior branch, which is usually the larger and comes from the posterior facial vein (see 
above), with a posterior branch from behind the ear, which is practically the posterior auricular 
vein, but which also received blood from some of the occipital veins.* At the posterior margin 
of the sternocleidomastoideus it sinks deeply into the supraclavicular fossa and usually receives 
one or more veins corresponding to the branches of the subclavian artery (the superficial cervical, 


* The greater portion of the blood of the occipital veins is poured into the deep cervical veins. 


92 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


transverse scapular, and transverse cervical veins), either separately or as a common trunk, and 
after also receiving the anterior jugular vein, it finally empties into the venous angle or, more 
rarely, into the subclavian vein. It is provided with valves. 

2. The anterior jugular vein (Figs. 593 and 698) arises in the submental region from anas- 
tomoses with the submental vein. It rests upon the lower surface of the mylohyoideus, passes 
downward close to the median line superficially in front of the sternohyoideus, communicates 
with neighboring veins and particularly with the external jugular by a transverse branch, and, 
passing deeply behind the anterior margin of the sternocleidomastoideus, usually terminates 
in the external jugular, although it occasionally empties into the subclavian or the internal jugular 
vein. It usually anastomoses with its fellow of the opposite side by a branch passing trans- 
versely above the manubrium of the sternum, the jugular venous arch. Sometimes the two 
anterior jugular veins are fused into a single vein situated in the middle line, the median vein 
of the neck. 

THE SUBCLAVIAN VEIN. 

The subclavian vein (Figs. 551, 587, 588, and 7or1), the immediate continuation of the 
axillary vein, does not correspond accurately to the artery, since the vertebral, the deep cervical, 
and the inferior thyreoid veins empty into the innominate and one or more of the veins of the 
supraclavicular fossa (see above) terminate in the external jugular. At the lower margin of 
the subclavius the subclavian vein continues onward from the axillary and together with the 
two jugulars (external and internal) forms the innominate vein. It lies in front of and below 
the subclavian artery, from which it is separated by the attachment of the scalenus anticus, and 
it describes a much flatter arch than that of this vessel. In front is situated the clavicular portion 
of the sternocleidomastoideus. It occasionally receives the transverse cervical or the transverse 
scapular vein (see above), but sometimes has no immediate tributaries. Throughout its course 
the vein is devoid of valves, but one of these structures is situated at its termination. 


THE AXILLARY VEIN: THE VEINS OF THE UPPER EXTREMITY. 

The veins of the upper extremity are the deep veims, which form the venz comites of the 
arteries and are paired below the axillary, and the superficial or subcutaneous veins, for which 
there are no corresponding arteries. Both sets of veins are provided with valves, the deep veins, 
which are poor in muscular tissue, having a larger number than the superficial ones, which are 
provided with a strong muscular coat. The two sets of veins are connected throughout their 
course by numerous anastomoses, but the arrangement of the valves is such that blood can flow 
from the deeper into the superficial veins, but not in the opposite direction. All the veins of 
the upper extremity, both superficial and deep, are drained by the axillary vein. 

The axillary vein (Figs. 552, 588, 593, and 594) arises at the lower margin of the axillary fossa 
by the union of the two brachial veins and traverses the fossa, lying medial and anterior to the 
artery. It is provided with valves, as are also its branches, and during its course it receives the 
following veins: 

1. The thoraco-acromial vein (Figs. 539, 593, and 700) corresponds to the artery of the same 
name and frequently empties by a short trunk in common with the cephalic vein at the point 
where the axillary becomes the subclavian vein or even into the latter vessel. 
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2. The cephalic vein (see below). 

3. The lateral thoracic vein (Figs. 552 and 594), a large vein upon the inner wall of the 
axillary fossa, corresponds only in part with the artery of the same name; it pursues a course 
parallel with the artery, but is usually of much larger size. It is of special importance on account 
of two of its anastomoses. The first of these is with a marked and frequently partly paired vein 
of the abdominal wall, the thoraco-epigastric vein, which comes from the region of the superficial 
epigastric vein and passes upward upon the lateral thoracic wall. This vessel may open sepa- 
rately into the axillary vein, in which case the lateral thoracic vein corresponds accurately to 
the lateral thoracic artery. The second anastomosis takes place either between the lateral thoracic 
vein itself or the thoraco-epigastric vein and the intercostal veins of the first to the seventh inter- 
costal spaces, thus forming the costo-axillary veins. ‘The veins of the mammary gland, which 
form the mammillary venous plexus, also send their blood through these veins to the axillary vein. 

4. The circumflex humeral, the circumflex scapular, and the subscapular veins correspond 
to the similarly named branches of the axillary artery. 


THE DEEP VEINS OF THE UPPER EXTREMITY. 


The origins of the-deep veins of the upper extremity are the small proper volar digital and 
common volar digital veins, which, like all the deep veins of the upper extremity, accompany 
the arteries of the same name. They are connected with the much larger superficial veins of the 
back of the hand by the intercapitular veins and form double superficial and deep venous arches, 
which accompany the similarly named arterial arches. The deep arch receives the volar meta- 
carpal veins. ‘The venous arches give origin to the radzal and ulnar veins, which accompany the 
arteries of the same name as ven comites, each of which is connected both with its fellow by 
numerous transverse anastomoses and also with the superficial veins. In the cubital fossa the 
radial and ulnar veins unite to form two brachial veins, which accompany the brachial artery; the 
medial brachial vein is usually larger than the lateral and receives the basilic vein (see page 94). 


THE SUBCUTANEOUS VEINS OF THE UPPER EXTREMITY. 


The superficial or subcutaneous veins of the upper extremity (Fig. 554) run between the 
skin and the deep fascia independently of the arrangement of the arteries and do not perforate 
the deep fascia until just before their termination in the deep veins. ‘They originate in the dorsal 
digital veins, which are larger than the volar vessels, and receive the blood from the volar aspect 
of the finger tips, a condition of affairs exactly the reverse of what obtains in the case of the 
corresponding arteries. At the bases of the fingers they anastomose to form the digital venous 
arches (Fig. 713), which are convex anteriorly and frequently double. From these arches are 
given off the dorsal metacarpal veins, which are approximately parallel, irregularly arranged, and 
connected by numerous anastomoses. These dorsal metacarpal veins receive the intercapitular 
veins (see above) from the palm of the hand and form a wide-meshed network upon the dorsum, 
the venous rete of the dorsum of the hand. 

From this rete are formed the two large subcutaneous veins of the upper extremity, the 
cephalic and the basilic veins. 


1. The cephalic vein (Figs. 539, 551, 554, 588, 593, 595, 596, 699, 700, 710, 711, and 713) 
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Fic. 594.—The superficial layer of the vessels and nerves of the axilla. 
The skin and fat have been reflected from the lower margin of the pectoralis major and the superficial fascia 
removed. * = Branches of the thoracodorsal vessels passing to the serratus anterior. 
Fic. 595.—The cutaneous nerves and veins of the flexor surface of the upper arm. 
Fic. 596.—The cutaneous nerves and veins of the flexor surface of the forearm. 
* — Anastomosis between the lateral antibrachial cutaneous nerve and the superficial branch of the radial nerve. 
The skin and areolar tissue have been removed; the fascia has been retained. 


arises upon the back of the hand usually as a continuation of the first dorsal metacarpal vein, 
and in addition to anastomoses with the radial veins it receives veins from the palm. Running 
between the skin and the [deep] fascia, it is at first situated upon the outer portion of the dorsal 
surface of the forearm (Figs. 711 and 713); it then passes upon the volar surface of the forearm 
(Fig. 596) and runs toward the elbow, where it is connected with the basilic vein by the median 
cubital vein (see below). It passes through the lateral portion of the cubital fossa, runs in the 
lateral bicipital groove, and reaches the infraclavicular fossa by passing in the groove between 
the deltoid and the pectoralis major. In this situation it pierces the deep fascia, descends into 
the deltoideopectoral trigone, usually receives the thoraco-acromial vein, and empties into the 
axillary vein. From the cubital fossa to the wrist-joint the cephalic vein is accompanied by the 
lateral antibrachial cutaneous nerve and its branches. A small vein occasionally runs parallel 
with and lateral to the cephalic; it arises more to the ulnar side of the hand and is termed the 
accessory cephalic vein. 

2. The basilic vein (Figs. 595 to 597, 711, and 713) arises upon the dorsum of the hand as 
a continuation of the fifth dorsal metacarpal vein. It receives the smaller veins from the ulnar 
border of the palm of the hand, passes from the dorsal to the volar surface of the forearm, and 
runs through the inner portion of the cubital fossa between the skin and the [deep] fascia to the 
upper arm, where it lies upon the inner border of the biceps. It is accompanied by the branches 
of the medial antibrachial cutaneous nerve. Below the middle of the upper arm the basilic 
vein pierces the brachial fascia, runs a short distance beneath this structure, and then passes 
into the medial brachial vein, which usually seems to be its direct continuation. 

The cephalic and the basilic veins are usually united in the cubital fossa by an anastomosis 
situated in front of the lacertus fibrosus, the median cubital vein (Figs. 596 and 597), which is 
directed obliquely from above downward-and from within outward. ‘This vein usually carries 
a portion of the blood from the cephalic into the basilic vein, so that in the upper arm the latter 
vessel is larger than the former. The median cubital vein always anastomoses with the deep 
veins and occasionally it carries almost all the blood from the cephalic into the basilic vein, so 
that the former appears in the upper arm as a very small vessel. In extreme cases a cephalic 
vein may be entirely absent in the upper arm, being replaced by a small descending vein, in which 
case the basilic vein is unusually large and is termed the capital vein. Between the basilic 
and the cephalic veins and parallel to both there is a small vein upon the volar surface of the fore- 
arm, the median antibrachial vein (Figs. 596 and 597). When it is well developed it bifurcates 
in the cubital fossa into two branches, which pass to the cephalic and basilic veins respectively, 
and are known as the median cephalic and the median basilic veins. ‘These veins then replace 
the median cubital vein. 


intercosto- 

: l ' brachial nerve 

Pectoralis | |\ lateral thoracie 
major 


costo-axillary veins, 
anterior rami of lat. cutan. branches of intercostal nerves , 


nipple, _. 


lateral thoracic aa 
ein Se) are vein 
Serratus anterior 


/ post. circumflex humeral vessels 
i 


ns 


brachial veins 


brachial plexus 
f 


y 
—_— 


Obliquus abdominis , 
externus vy 


* 


. Nintercosto- 
brachial 
anastomosis 


Yeres major 


) Vcircumflex scapular 


} vessels 
x 


Latissimus dorsi 


‘thoraco-dorsal vessels 


ox 
1 is P 
ik fy & 
¢ F 
' 
1 
\ 
\ 
\ 
® 


thoraco-epigastric vein’ 


i: 
Ls 


aid 


. aaeatlf 


thoraco-dorsal nerve 
a : long thoracic nerve 
posterior rami of lat. cutaneous 


branches of intercostal nerves 


Fig. 594. 


* 
1 
% - 
. - 
5 a 7 
+! * . : < - au 
i - a Seine tite 3 - 
woe = 


posterior 
supraclavicular nerve 


basilic vein ~ 

br. of medial brachial 
cutaneous nerve 

medial antibrachial 
cutaneous nerve 


ulnar br. of 
med. antibr; 
cut, nerve 


median cubital-\y 
vein y 


volar br. of. 


med. antibr. 
cut, nerve 


intercosto-brachial ie Oh ea Af : : y median anti. 
anastomosis H Z0N = ; BY ; 


b-anches of medial 
brach. cutaneous nerve 


tat. antibr. 


cut. nerve 
cephalic 
vein 
medial anti- 
brachial cut. 
nerve E superficial 
an : | WijyA fateral antibrachial ~br. of radial 
basilic vein ~ ; AY / Ly _ cutaneous nerve nerve 


ulnar branch 
of medial 
antibrachial ~ ff 
cut. nerve if 


N\ median cubital vein 


; palmar br. of (St 
post. antibrach. ulnar nerve ~ | 
cutaneous nerve 


volar branch \\\ | 
of medial 


antibrachial ~\ edian anti- VIP Fig. 596. 
L 7 ij ff | i 4, 
cut. nerve mbrachial vein palmar br. [ae VEN. 
of med.~ | ©} yh 3 AIM ‘ 
amerve + Cn “ 


basilic vein 


THE VEINS. 


95 
Accessory _: 
descending-+ Cephalic 
cephalic vein 
vein (small) 
Basilic vein. 
_(very large, Basilic vein 
vena (large) § Basilic 
capitalis) vein 
Median 
antibrachial : 
anes To cephalic_| 
vein 
Median a Median 
as cubital 
vein 
(forked) 


Cephalic 


Cephalic vein vein i “Basilic vein 


(terminating 
in basilic) 

Basilic 
vein 


Fic. 597-—The most frequent variations in the veins of the forearm (schematic). 


THE INFERIOR VENA CAVA. 


The injerior vena cava (Figs. 389, 390, 413, and 716) is larger than the superior and is, in 
fact, the largest vein of the human body. The trunk, which is devoid of valves, arises by the 
union of the two common iliac veins in front of the right side of the fibrocartilage between the 
fourth and the fifth lumbar vertebre and behind the right common iliac artery. It runs upward 
behind the parietal peritoneum on the right side of the bodies of the lumbar vertebre, and is 
in close proximity to the abdominal aorta and is crossed by the right internal spermatic artery. 

Up to the level of the pancreas it lies close to the right side of the aorta, but behind the pan- 
creas it bends somewhat to the right and at the same time forward, and, passing in front of the 
right lumbar portion of the diaphragm, runs to the vena caval fossa of the liver, in which it is 
closely adherent to the substance of the liver (see page 247). From the fossa for the vena cava 
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the vein passes out of the abdominal cavity through the vena caval foramen of the diaphragm, 
and at once enters the pericardium, in which, invested by the visceral pericardium, it courses a 
distance of about 1 cm. before opening into the right atrium. Its orifice corresponds to the 
level of the eighth to the ninth thoracic vertebra. 

Since the branches of the inferior vena cava arise partly from the abdominal viscera and 
partly from the abdominal wall, as well as through its two main roots, the common iliac veins, 
from both halves of the pelvis and both lower extremities, the branches are classified as the vis- 
ceral and the parietal. 


VISCERAL BRANCHES OF THE INFERIOR VENA CAVA. 


The visceral branches of the inferior vena cava are the unpaired portal vein and the paired 
renal, suprarenal, and internal spermatic veins. 


THE PORTAL VEIN. 


The portal system (Figs. 389, 390, and 565 to 567) represents a special portion of the 
venous circulation. ‘The portal vein itself carries to the liver venous blood from that part of 
the alimentary canal which is situated in the abdomen, that is to say, from the stomach and 
entire length of the small and large intestines [except from the lower part of the rectum.—Ep.], 
as well as from the pancreas and the spleen. In the liver its branches (the interlobular veins) 
divide and again become capillaries, from which are formed the branches to the vena cava, 
called hepatic veins. (For details of the more minute study of these vessels see Sobotta~Huber, 
Histology, Lehmann’s Medical Hand Ailas, Vol. XXVI.) Consequently, it is the roots of the 
portal vein and not the vein itself that correspond to branches of the aorta. 

The portal vein (Figs. 389 and 390) is a thick short stem, about 5 cm. long and without valves, 
which generally arises behind the pancreas by the junction of the superior mesenteric and splenic 
veins; the inferior mesenteric vein also sometimes taking part in its formation. It passes from 
the point of its formation between the lamine of the hepatoduodenal ligament to the right and 
upward, thus coming to lie behind the hepatic artery and the ductus choledochus. With these 
vessels it enters the portal fissure, divides into-a stronger, shorter right branch and a weaker but 
longer left branch, from both of which branches penetrate the liver tissue. The vessels carrying 
the portal blood from the liver are known as the hepatic veins and consist of a number of branches 
(vene hepatice minores) which open into the inferior vena cava in the region of the caval fossa 
and also of a number of medium-sized stems and two or three larger ones (ven@ hepatice majores), 
which open into the inferior vena cava where that vessel leaves the liver, shortly before piercing 
the diaphragm. The roots of the portal vein are: 

1. The superior mesenteric vein (Figs. 565 and 566), the main root of the portal vein and 
apparently the prolongation of its principal stem, accompanies the superior mesenteric artery, 
to which it corresponds. It runs up with the artery, lying to the right of it, in the root of the 
mesentery, but only as far as its junction with the splenic vein. It collects the valveless venous 
branches corresponding to and accompanying the arterial branches to the intestine, that is to 
say, the intestinal veins (jejunal and iliac) from the small intestines, the right and middle colic 
and the ileocolic veins from the large intestines, the pancreatic and pancreaticoduodenal veins 
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Vessels carrying arterial blood are colored red ; those carrying venous 
blood, blue ; those carrying mixed blood, violet. 


The blood stream from the umbilical vein through the liver is 
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from the pancreas and the duodenum, and the right gastro-epiploic vein from the stomach and 
omentum. Sometimes it also receives the inferior mesenteric vein. 

2. The splenic vein (vena lienalis) (Figs. 565 and 567), the second main root of the portal 
vein, courses in company with the similarly named artery parallel with but behind the upper 
border of the pancreas, directly from left to right. It is situated below the artery, receives the 
splenic veins, the short gastric veins, and the left gastro-epiploic vein. Furthermore, in most 
cases it receives the inferior mesenteric vein. 

3. The inferior mesenteric vein (Fig. 567) corresponds to the similarly named artery, with 
which it runs parallel, however, only in its peripheral portion. ‘The main stem of the vein crosses 
the origin of the artery, goes up behind the pancreas, and opens usually into the splenic vein, 
more rarely into the superior mesenteric vein or at the point of junction of the two. It receives 
the superior hemorrhoidal vein, the sigmoid veins, and the left colic vein, and, therefore, carries 
away the blood from the left part of the large intestines and rectum and, in the rectal wall, takes 
part in the formation of the hemorrhoidal plexus (see page roo). 
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4. The coronary vein of the stomach (gastric vein) (Fig. 564) corresponds to the two arteries 
bearing the same name, and runs along the lesser curvature of the stomach from left to right, 
receiving veins from the abdominal portion of the cesophagus, the cardia, and the anterior and 
posterior surfaces of the stomach. It anastomoses with the pyloric veins in the region of the 
pylorus and empties generally into the portal stem behind the superior part of the duodenum. 

5. The cystic vein (Figs. 564 and 565) runs with the similarly named artery in the wall of 
the gall-bladder and empties either into the stem or, more often, into the right branch of the portal 
vein. 


In the fetus the umbilical vein is connected to the portal vein until birth, after which it is obliterated and becomes 
the ligamentum teres of the liver (see Vol. II., pages 58 and 169). Its continuation to the vena cava inferior, known as 
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the ductus venosus, carries blood only until birth, whereupon it becomes the ligamentum ductus venosi. However, all 
through life small veins, known as the para-umbilical veins (Sappey), run along the ligamentum teres, arising from cuta- 
. neous veins in the region of the umbilicus and extending to the liver tissue (accessory portal veins). In addition, the 
portal system anastomoses through the hemorrhoidal plexus of the rectum with the middle and inferior hemorrhoidal 
veins, and along the abdominal portion of the cesophagus with the cesophageal veins, and thus with the azygos vein. 


THE PAIRED VISCERAL BRANCHES OF THE INFERIOR VENA CAVA. 


1. The renal veins (Figs. 413 and 716) open into the vena cava at right angles, at the level 
of the second lumbar vertebra. They accompany the similarly named arteries and are formed 
just in front of the hilus of the kidney by the union of three to five roots issuing from the renal 
sinus and the kidney tissue. The left vein is considerably longer than the right, since it must 
cross the median line before reaching the inferior vena cava. In so doing it passes close beneath 
the root of the superior mesenteric artery, and transversely across the abdominal aorta (more 
rarely behind the aorta), and it receives the left internal spermatic and the suprarenal veins. 
The renal veins may have valves at their mouths. 

2. The suprarenal veins from the suprarenals. The left empties into the left renal vein. 

3. The internal spermatic veins (Figs. 413, 490, 571, and 716) correspond to the similar 
arteries, and in the male are called testicular veins, in the female, ovarian veins. The left 
internal spermatic veiri opens into the left renal vein. 

The Jesticular (spermatic) vein arises as a thick, closely woven network, the pampiniform 
plexus, at the posterior border of the testes, passes upward in the spermatic cord still somewhat 
in the form of a plexus, supplies this cord by means of several branches, and finally forms a 
single stem in the abdominal cavity. 

The ovarian vein (Fig. 570) also begins as the pampiniform plexus at the hilus of the 
ovary in the mesovarium and accompanies the artery, gradually losing in its course its plexi- 
form arrangement. ‘The veins of this plexus have their valves incompletely developed. 


THE PARIETAL BRANCHES OF THE INFERIOR VENA CAVA. 


In addition to the two common iliac veins the inferior vena cava receives the following parietal 
branches: 

1. The injerior phrenic veins correspond to the similarly named arteries and open into the 
main stem just below the vena caval foramen. 

2. The lumbar veins I to IV (Fig. 716) correspond to the arteries beside which they course, 
flowing in the same direction as the intercostal veins (see page 81). They are provided with 
valves, open posteriorly into the inferior vena cava, and are connected to one another by com- 
municating ascending branches, called the ascending lumbar veins, which also bring about anas- 
tomoses with neighboring veins. 


THE COMMON ILIAC VEIN. 


The common iliac vein (Figs. 413 and 569) is a short, valveless stem, which corresponds to 
the similarly named artery on either side and is formed by the union of the hypogastric and 
external iliac veins. The right common iliac is shorter than the left, which crosses the anterior 
surface of the fifth sacral vertebra obliquely and receives an unpaired middle sacral vein, 
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corresponding to the similarly named artery. The common iliac vein lies at first behind its 
corresponding artery and then passes along its right side. The right vein does not have any 
branches, the left only the middle sacral vein, and, generally, an anastomosing branch to the 
ascending lumbar vein. . 

The middle sacral vein arises on the anterior surface of the sacrum from the anterior 
sacral plexus, which is formed by branches from the lateral sacral veins; it passes upward along 
the corresponding artery, at first as a double stem, later becoming single, and receives, as a rule, 
the lowest lumbar vein. 


THE HYPOGASTRIC VEIN. 

The hypogastric (internal iliac) vein (Figs. 569, 570, and 716) is a short, thick, valveless 
stem, which lies behind the corresponding artery. Its branches may be classified in a manner 
similar to the arterial branches into parietal and visceral. The former accompany their 
respective arteries and are, as a rule, double, while the latter form very fine, strong plexuses, 
which deviate considerably from the course of the arteries. 

The Parietal Branches.—1. The superior gluteal vein accompanies the branches of the 
artery as two stems, which unite on entering the pelvis to form a single stem provided with valves. 

2. The injerior gluteal vein (Figs. 569, 570, and 717) shows the same relations as the pre- 
ceding one and corresponds to the artery even so far as to anastomose, as a rule, with the circum- 
flex femoral and perforating veins. 

3. The obturator vein corresponds to the artery; its branches are usually double and it 
anastomoses not only with the veins of the thigh but also with the external iliac. 

4. The lateral sacral veins, generally double, accompany the corresponding artery and its 
branches, and arise on the anterior surface of the sacrum from the wide-meshed anterior sacral 
plexus, in the formation of which the middle sacral vein also takes part. 

5. The iliolumbar vein (Fig. 716), whose branches are for the most part double, accompanies 
the corresponding artery and anastomoses with the fifth lumbar, the ascending lumbar, and the 
deep circumflex iliac veins. 

The Visceral Branches.—1. The internal pudendal vein (Figs. 568 to 570 and 724) accom- 
panies its corresponding artery partly as a double stem and partly as a network. It arises from 
the deep vein of the penis (clitoris), the urethral veins, the vein of the bulb of the urethra (vestibule), 
the posterior scrotal (labial) veins, and partly from the inferior hemorrhoidal veins. 

2. The pudendal plexus (Figs. 482, 483, and 571) arises principally from the unpaired dorsal 
vein of the penis (in the female from the dorsal vein of the clitoris), which runs along the dorsal 
surface of the penis between the paired similarly named arteries. Its roots, partly divided into 
several branches which possess valves, are situated at the posterior border of the glans penis, and 
from here it passes, covered by the tendons of the ischiocavernosi, between the arcuate ligament 
of the pubis and the transverse ligament of the pelvis, to the plexus lying in front of the prostate 
gland and fundus of the urinary bladder. This plexus drains into the hypogastric veins either 
directly or by means of the veins of the bladder. 

3. The hemorrhoidal plexus (Figs. 569 and 570) rests upon the posterior surface and the 
lateral portion of the wall of the rectum. From it arise the superior hemorrhoidal vein, which 
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passes to the portal (see page 98), the middle hemorrhoidal vein, which opens into the hypogastric, 
_and the inferior hemorrhoidal, passing to the internal pudendal. 

4. The vesical plexus (Figs. 569 and 570) is a wide-meshed network along the lateral and 
posterior surface of the bladder, which anastomoses with the pudendal plexus and opens into the 
hypogastric vein through several vesical veins. 

5. The uterovaginal plexus, which occurs only in the female, is a wide-meshed network 
along the side of the vagina, and is continued as a fine-meshed strong plexus along the side of 
the cervix uteri and in the broad ligament close to its insertion into the body of the uterus. It 
is closely connected with the neighboring pelvic plexuses and drains into the hypogastric vein 
through the uterine vein. 


THE EXTERNAL ILIAC VEIN. 


The external iliac vein (Figs. 569, 570, and 716) is the second main root of the common iliac, 
and, as it is a direct continuation of the femoral vein, is the principal vein of the lower extremity. 
With the femoral and popliteal veins it forms a continuous vascular trunk which receives different 
names in different portions of its course. The portion above the inguinal ligament, which is 
destitute of valves, is called, like its corresponding artery, the external iliac vein. It is at first 
situated in the venous lacune to the median side of the artery and lateral to the crural canal and, 
on the left side, then passes up along the medial side of the artery and the medial border of the 
psoas major, while the right vein, which at first is also situated medial to the artery, in its upward 
course passes behind the artery before uniting with the hypogastric to form the common iliac 
vein. In the vascular lacune the external iliac vein receives the following afferents: 

1. The inferior (deep) epigastric vein (Figs. 553, 569, 570, and 716) corresponds to the sim- 
ilarly named artery and has a simple trunk, although its branches are double. It possesses valves 
and anastomoses with the obturator vein behind the superior ramus of the pubic bone. Very 
often it receives the following vein shortly before its termination. 

2. The deep circumflex iliac vein (Figs. 569, 570, and 716) corresponds to and accompanies 
the artery of the same name. It has valves, is generally double, and opens either separately or in 
conjunction with the preceding vein into the external iliac. 


THE FEMORAL VEIN. 


The femoral vein (Figs. 573 to 575) is a strong vessel which receives both superficial and 
deep veins, and is situated in the sheath of the corresponding artery, from which it is separated 
by a connective-tissue septum. It is formed in the region of the adductor hiatus by the popliteal 
vein, of which it is the direct continuation, and at first it lies behind and a little lateral to the 
artery, later passing exactly behind the artery to reach its medial side in the ileopectineal fossa. 
In the region of the fossa ovalis it is.superficial, covered only by fat and the subinguinal lymph 
nodes. It contains a series of paired valves and its branches are partly deep and partly (sub)- 
cutaneous. 

The Superficial Branches of the Femoral Vein.—All the superficial branches possess 
valves and open into the terminal portion of the femoral vein in the neighborhood of the fossa 
ovalis. 
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Fic. 600.—The superficial veins, arteries, and nerves of the anterior surface of the thigh. 
Fic. 601.—The superficial veins, arteries, and nerves of the medial surface of the leg. 
* = Connection with the deep veins. ** = Connection with the small saphenous vein. 


1. The superficial epigastric vein (Fig. 600) accompanies its artery, but is larger, and carries 
blood from the abdominal wall to the femoral vein. It anastomoses with the inferior epigastric, 
with the axillary through the thoraco-epigastric vein, and, through the para-umbilicals, with the 
portal. 

2. The external pudendal veins (Fig. 600) correspond to their arteries and receive the anterior 
scrotal (labial) veins, as well as the subcutaneous dorsal vein of the penis (clitoris). They open 
either directly into the femoral vein in the region of the fossa ovalis or, as is often the case, into 
the long saphenous. 

3. The superficial circumflex iliac vein corresponds to its artery. it is partly double and 
very often opens into the long saphenous vein. 

4. The long saphenous vein (Figs. 317, 600, 601, 719, and 720) is the longest of all the cuta- 
neous veins of the body, extending from the toes to just below the inguinal ligament. Its roots 
have their origin in the medial portion of the wide-meshed, superficial venous rete of the dorsum of 
the foot, which also gives rise to the other large vein of the leg, the small saphenous. As in the 
hand, so the dorsal veins of the toes, the dorsal digital veins, are larger than the plantar. They 
give off irregularly anastomosing branches, the dorsal metatarsal veins, which form an arched anas- 
tomosis, the dorsal venous arch of the foot, in the metacarpal region. ‘The long saphenous vein 
arises from the medial portion of this arch and from the smaller plantar veins. Anastomosing 
frequently with the deep veins, it ascends in front of the medial malleolus up the medial surface 
of the leg, crosses behind the medial epicondyle of the femur, remaining superficial between skin 
and fascia, and upon the thigh it gradually turns from the medial to the anterior surface and 
enters the femoral vein superior to the margin of the lateral falciform ligament in the region of 
the fossa ovalis (see Vol. I., page 232). 

Throughout its course it is subcutaneous and gradually increases in size while ascending, 
collecting numerous cutaneous veins from the medial and posterior surfaces of the leg, and from 
the anterior and, to a certain extent, the posterior surface of the thigh. It forms several anas- 
tomoses with the small saphenous vein and is accompanied in its course along the leg and foot by 
branches of the saphenous nerve. Occasionally there occurs in the thigh a rather independent 
parallel vein, the accessory saphenous vein, which collects the cutaneous veins from the median 
and posterior surface of the thigh and unites with the long saphenous in the region of the fossa 
ovalis. 

The Deep Branches of the Femoral Vein.—The deep veins of the thigh (Figs. 573 to 575) 
are double stems which accompany the corresponding arterial branches. In addition to some 
small veins accompanying the femoral artery, there are the deep femoral veins, which generally 
open into the femoral vein as a single short stem, and are formed by the (double) medial femoral 
circumflex, the lateral femoral circumflex, and the perjorating veins. 
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at least in the case of the superficial lymphatic vessels. Some of the deeper vessels are of especial 
size and are called: lymphatic trunks, and all have valves which are comparatively close together. 
A further peculiarity of the lymphatic system which distinguishes it from the blood-vascular 
system is presented in the lymph glands or nodes which are interposed in the lymphatic circulation. 
The lymph passing from the lymph capillaries to the lymph vessels never flows directly into the 
venous system, but always traverses several lymph nodes on its way. ‘These nodes (for the finer 
structure see Sobotta-Huber’s Histology, Lehmann’s Medical Hand Atlas, Vol. XXVI.) rarely 
occur singly, but are arranged in smaller or larger groups in definite regions of the body. They 
are most numerous in the trunk or at the points of attachment of extremities to the trunk, but 
they occur but rarely in the extremities themselves. Each node receives as afferent vessels either 
peripheral lymph vessels or vessels from neighboring nodes lying nearer the periphery, and slightly 
larger efferent vessels leave the node to pass to a more centrally located node and to finally 
enter a trunk. In this manner, through the interposition of lymph nodes in the roots of main 
lymph stems, lymphatic plexuses arise, neighboring lymph nodes being usually connected by 
several, generally short, vessels. The size of the nodes varies considerably, the smaller lying 
generally nearer the periphery, while the larger ones are nearer the center of the body. How- 
ever, in certain peripheral regions quite large nodes may occur, the largest (normal) nodes 
having a diameter of scarcely 3 cm., while the smaller ones often are only one-tenth this size. 


‘THE LARGE LYMPHATIC STEMS. 


The distribution of the large lymphatic stems is such that each extremity, each side of the 
head and neck, and the abdominal viscera have a special stem through which the lymph flows. 
There are thus seven large lymphatic stems, three of which unite to form a common trunk, the 
thoracic duct, the largest lymph vessel in the body, which generally, before emptying into the 
venous system, receives two other stems, while the remaining two usually form an independent 
stem of theirown. ‘There are in addition, however, two smaller stems, varying somewhat in their 
behavior, which drain the chest wall and the thoracic viscera. 


-], THE THORACIC DUCT. 

The thoracic duct (Figs. 538, 587, 602, and 605) is generally formed about the level of the 
second lumbar vertebra by the union of the two lumbar trunks with the intestinal trunk to form 
a rather long irregular enlargement, the cisterna (receptaculum) chyli. From this point the 
thoracic duct passes as a thin-walled, irregular, occasionally even plexiform stem, behind and to 
the right of the aorta, through the hiatus aorticus, and then, resting upon the anterior surface of 
the thoracic vertebre, it ascends between the thoracic aorta and azygos vein to the level of the 
fourth thoracic vertebra, where it bends toward the left, passing behind the cesophagus, and 
emerges between the left subclavian and the left common carotid arteries through the superior 
thoracic aperture into the left supraclavicular fossa. From here it curves forward and downward 
over the arch of the subclavian artery and opens into the left angulus venosus (see page 83) or 
(rarely) into either of the veins forming the angle. 

The roots of the thoracic duct are: 

1. The right and left lumbar trunks (Figs. 602 and 605) are two plexiform stems which have 
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" Fic. 603.—The lymph nodes of the right side of the head and neck of a child. 
Portions of the sternocleidomastoideus, omohyoideus, pectoralis major, and pectoralis minor have been remoyed 
in order to show the deeper glands. The platysma has been removed. 
Fic. 604.—The superficial lymphatic vessels and lymph nodes of the arm, thoracic wall, and axilla. 
The lymphatic vessels have been injected with India ink. 


their origins in the lumbar plexuses (see below), and conduct the lymph from the lower extremities 
and pelvis. 

2. The intestinal trunk (Figs. 602 and 605), an unpaired stem draining the mesenteric lymph 
nodes and through them the abdominal viscera and especially the intestine. 

As it ascends in front of the spinal column the thoracic duct receives the lymphatic vessels 
of the thoracic walls which accompany the intercostal blood-vessels, and in the neck, the lymphatic 
stems from the left upper extremity and from the left side of the head and neck enter the terminal 
portion of the duct, either through a single short stem, the left lymphatic trunk, or (more 
frequently) the two open separately as the lejt jugular and the lejt subclavian trunks into the ter- 
minal portion of the duct, or the left jugular trunk may open into the terminal portion of the 
internal jugular vein. In addition, the lymph from the left thoracic viscera and wall empties 
into the thoracic duct through the left bronchomediastinal trunk. 


Il. THE RIGHT LYMPHATIC DUCT. 


The lymph which is not conveyed by the thoracic duct, that is to say, that from the right 
half of the upper part of the body, empties into the right angulus venosus or the right innom- 
inate vein through a stem, the right lymphatic duct (Fig. 602), which is short, usually only 
about 1 cm. in length. Its roots are: 

1. The right jugular trunk, which coming from the deep cervical lymphatic nodes drains 
the right side of the head and neck. 

2. The right subclavian trunk, which arises from the axillary lymph nodes and carries the 
lymph of the right upper extremity. 

3. The right bronchomediastinal trunk, formed from the efferent vessels of the bronchial and 
mediastinal nodes, collects the lymph of the right thoracic wall, the right lung, the heart, the 
cesophagus, and a portion of the liver. 


THE LYMPHATIC NODES AND LYMPHATIC PLEXUSES. 


I. LYMPHATIC NODES AND PLEXUSES OF NECK AND HEAD. 


1. The posterior auricular nodes (Fig. 603) are two or three in number and are generally 
very small, lying upon the tendon of insertion of the sternocleidomastoid behind the ear. They 
drain the posterior auricular region. 

2. The occipital nodes (Fig. 603), not constant, are one or two in number lying upon the 
insertion of the trapezius. They drain the occipital region and send their efferent vessels to the 
superficial cervical nodes. 

3. The anterior auricular nodes (Fig. 603) are also small, but more numerous (three or four). 


anterior auricular 


x byeephatic nodes 
S 


~ parotid gland 


posterior auricular / 


lymphatic nodes parotid 


lymphatic node 


- submaxillary 
lymphatic nodes 


Sternocleidox : : 
mastoideus ns EF = ; ay a —— 
i Aw) Bat = 5% : ; * gpa sybmaxillary 
\ : ] A f Aa -~ gland 


\\ 


oo ; submental 
occipital lymphati lymphatic nodes 


=: 

nodes iy 
| 

| 


superior deep cervicat® 
lymphatic nodes 

~~ Digastricus 
(anterior belly) 


superficial cervical >> =) 
lymphatic nodes 


Trapezius X~ JE 
inferior deep cervica 
lymphatic nodes 


omohyoideus (inf. belly) »- 


eg ae 
Pectoralis major X 


Fig. 603. 


axillary vein 


lateral thoracic vein efferent vessels 


axillary 
lymphatic 
nodes 


papilla” 
of breast 


lymphatre ‘eee NT rhct ed Caer das es V7 lymphatie # 
vessels inte e Sees hah ESE ONG S Pi eee 


basilic vein’ ‘ 


superficial cubital /; 5% 
lymphatic ° \\ 
/thoraco- nodes 
epigastric 
vein 


cephalic vein_--} 


Fig. 604. 


7 


=a 


THE LYMPHATIC SYSTEM. 107 


” 


Their location is superficial, anterior to the ear, upon the parotid gland, and they drain the 
' temporal region, their efferents passing either to the superficial cervical or the submaxillary nodes. 

4. The parotid nodes (Fig. 603) are imbedded in the substance of the parotid gland and 
receive lymph from the gland and also from the eyelids and the external ear. Their efferents 
pass to the superficial cervical or superior deep cervical nodes. 

5. The deep facial nodes are situated upon the buccinator muscle and on the lateral wall of 
the pharynx. They drain the deep lymph vessels of the face (orbit, nasal cavity, palate, etc.) 
and come into relation with the superior deep cervical nodes, there being no distinct line of sep- 
aration between the two groups. 

6. The submaxillary nodes (Fig. 603) are eight or more in number and are rather large; 
they lie in the triangle between the body of the mandible and the digastric muscle, some, known 
as the swbmental nodes, resting upon the under surface of the mylohyoid muscle. They drain 
the anterior part of the face and chin and empty into the superficial and deep cervical nodes. 

7. The lingual nodes are very few in number (frequently only one) and are inconstant. 
When present they are situated upon the hyoglossus muscle and drain only a portion of the 
tongue, the majority of the lymphatics of this organ passing directly to the submental, sub- 
maxillary, and superior deep cervical nodes. 

8. The superficial cervical nodes (Fig. 603) are found along the side of the neck, occurring 
partly under cover of the platysma upon the lateral surface of the sternocleidomastoid muscle, 
along the posterior border of that muscle, at the inferior border of the parotid gland, and partly 
also in the anterior neck region. ‘They receive lymphatics directly from the neighboring regions, 
but for the most part their tributaries are efferent vessels from the occipital, posterior auricular, 
parotid, anterior auricular, and submaxillary nodes. Their efferent vessels terminate in the 
deep cervical nodes. 

g. The superior deep cervical nodes (Fig. 603) are ten to fifteen rather large nodes situated 
in the carotid fossa along the internal jugular vein and at the bifurcation of the common carotid. 
They collect lymph from the cranium and receive the efferent vessels of the deep facial, parotid, 
and submaxillary nodes and also lymphatics from the pharynx, the tympanic cavity, the tuba 
auditiva (Eustachian tube), the inner ear, a part of the thyreoid gland, and the larynx. Their 
efferent vessels pass to the inferior deep cervical nodes. 

10. The injerior deep cervical nodes (Fig. 603) occur along the lower part of the internal jugular 
yein and in the supraclavicular fossa. They also are of considerable size, and since they receive 
the efferents of the superior nodes and also independent lymphatics from the lower portion of the 
larynx, trachea, and cesophagus, they practically receive the entire drainage of the head and neck. 
Together with the superficial and superior deep cervical nodes they form the jugular plexus, 
consisting of lymphatics (afferent and efferent vessels) and numerous interposed lymphatic nodes, 
which extends along the internal jugular vein and terminates below in the jugular trunk. 


I. LYMPHATIC NODES AND PLEXUSES OF THE UPPER EXTREMITY. 


The most peripheral nodes of the upper extremity are those of the elbow joint. 
1. The superficial cubital nodes are (one to two) small nodes situated along the basilic vein 
in the region of the cubital fossa. They receive some of the numerous superficial lymphatics 
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of the forearm, and their efferent vessels pass upward in the upper arm to the axillary 
nodes. 

2. The deep cubital nodes are located deeply in the cubital fossa along the brachial artery 
and vein and receive deep lymphatics of the forearm. 

3. The axillary nodes (Figs. 603 and 604) are numerous medium-sized nodes situated, some 
rather superficially and others more deeply, in the fatty tissue of the axillary fossa along the 
axillary vein and artery. They receive practically all the lymph of the upper extremity and also 
that of the scapular region, the nape of the neck, the anterior thoracic wall and mammary gland, 
and part of the anterior and lateral abdominal walls, thus forming a center for lymph vessels from 
an extensive territory. Most of the lymphatics of the regions mentioned open directly as afferent 
vessels into the axillary nodes, only some of them passing through the cubital nodes or the smaller 
nodes mentioned below. The superficial and deep nodes are intimately connected and thus 
form the axillary plexus, consisting of a loose network of lymphatics and nodes, which on the left 
side is connected with the thoracic duct through the subclavian trunk and on the right side with 
the right lymphatic duct. 

In addition, within the limits of the upper extremity and thoracic walls, the following two inconstant sets of glands 
Ae 4. The subscapular nodes, situated along the artery of the same name, are connected with the deep axillary nodes. 

5. The pectoral nodes, one to two small nodes upon the external surface of the pectoralis major. 


[Although the axillary nodes are properly regarded as forming a single group, yet for con- 
venience they may be divided into a series of subordinate groups according to their position and 
connections. ‘These subgroups are: (1) The brachial nodes, a series of large nodes situated along 
the course of the axillary vein and receiving the majority of the vessels from the arm; (2) the 
anterior pectoral nodes, two or three usually small nodes over the second and third intercostal 
spaces beneath the lower border of the pectoralis major. ‘They receive afferents from the anterior 
surface of the thorax and from the mammary gland; (3) the znjerior pectoral nodes, two or three 
small nodes situated posterior to the long thoracic vessels and receiving afferents from the lateral 
wall of the thorax; (4) the subscapular nodes, situated along the subscapular vessels and draining 
the scapular region; (5) the zntermediate nodes;imbedded in the adipose tissue of the axillary fossa 
and receiving afferents from all the subgroups already mentioned; and (6) the subclavicular nodes, 
consisting of six to twelve nodes situated at the apex of the axillary fossa. They receive afferents 
from all the remaining subgroups and their efferents unite to form the subclavian trunk.—Ep.] 


lM. THE LYMPHATIC NODES AND PLEXUSES OF THE THORAX. 


The thoracic nodes may be divided into those of the thoracic viscera and those of the thoracic 
wall. The first are: 

1. The bronchial nodes (Figs. 447, 448, 455, and 459) are divided into the pulmonary nodes, 
which are the smaller ones lying within the lung tissue; the bronchial nodes proper, which are 
twenty to thirty larger ones lying at the hilus of the lung, along the bronchi and at the bifurcation 
of the trachea; and the very small tracheal nodes, situated along the trachea. These nodes are 
often black in color in the adult on account of the coal-dust and other impurities of the atmosphere 
inspired during life being conducted from the alveoli of the lung to these nodes by the action of 
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leukocytes. The several groups of bronchial nodes receive the numerous lymphatics lying on 
_ the surface of the lung beneath the pleura, as well as deeper vessels, which accompany the branches 
of the bronchi. In addition, the upper nodes of the group receive lymph from the lower part of 
the trachea and the lower ones receive it from the heart. The efferent vessels form the prin- 
cipal root of the bronchomediastinal trunk. 

The following groups drain the thoracic wall: 

2. The intercostal nodes are very small nodes situated near the heads of the ribs. They 
drain the intercostal spaces and their efferents generally pass directly to the thoracic duct, those 
of the right side also passing to the right bronchomediastinal trunk. 

3. The sternal nodes are very small and are situated along the course of the internal mammary 
vessels, forming the mammary plexus and draining the anterior portions of the intercostal spaces 
and also partly the mammary gland and diaphragm. ‘The efferents unite with those from the 
following nodes. 

4. The anterior mediastinal nodes are medium-sized nodes directly connected with the pre- 
ceding, behind which they are situated. They are found in the superior and sometimes also in 
the inferior portion of the anterior mediastinal cavity and receive lymphatics from the diaphragm, 
the liver, most of the vessels from the heart, and those from the pericardium and thymus gland. 
Their efferents unite with those from the bronchial nodes to form the bronchomediastinal trunk. 

5. The posterior mediastinal nodes are a few small nodes lying along the thoracic aorta and 
receiving lymphatics from the neighboring tissues. 


IV. THE LYMPHATIC NODES AND PLEXUSES OF THE ABDOMEN. 


The abdomen contains a larger number of lymphatic nodes than any other region of the 
body, the mesentery of the small intestine being especially rich in them. The following groups 
may be distinguished: 

1. The mesenteric nodes (Fig. 606) form the largest group in the body. ‘They number over 
one hundred and are arranged in the mesentery in several rows, the smallest and most scattered 
nodes lying nearest the intestine. As the root of the mesentery is approached the nodes become 
larger and more numerous and the chain is completed at the root of the mesentery by some very 
large and closely set nodes. ‘The afferents of these nodes have their origin in the intestinal wall 
and are called chyle vessels, since they contain during digestion food substances absorbed from 
the intestinal wall, the lymph thereby acquiring a milky-white color and being known as chyle. 
As a rule the lymphatics coming from the intestinal wall enter the first row of nodes as afferent 
vessels, the efferents of these nodes serve as afferents for the next row, and so on, until finally the 
last efferent vessels form the intestinal trunk, which is generally composed of several: parallel stems. 

2. The mesocolic nodes are smaller and less numerous than the mesenteric and are, as a rule, 
arranged in a single row. ‘They receive the lymphatics of the large intestine and conduct the 
lymph to the intestinal trunk. 

3. The celiac nodes are fifteen to twenty in number and lie behind the stomach, pancreas, 
and duodenum in close proximity to the largest mesenteric nodes, with which they communicate 
freely. They receive the lymphatics from the organs of the upper part of the abdomen, that is 
to say, from the liver, stomach, duodenum, and pancreas (head), and, uniting with the superior 
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Fic. 605.—The lymphatic plexuses of the true and false pelves and their connection with the lymphatic 
vessels of the lower extremities and of the viscera. 
The lymphatic vessels have been injected with India ink. 
Fic. 606.—The lymphatic vessels and lymph nodes of the mesentery. 
Injection with India ink. 
Fic. 607.—The lymphatic vessels and lymph nodes of the thigh, the inguinal region, and the external 
genitalia. 
Injection with India ink. 


mesenteric nodes, they form the celiac plexus. Its efferents unite with those of the mesenteric 
nodes to form the intestinal trunk, but also pass partly to the lumbar trunk by way of the neigh- 
boring lumbar nodes. 

4. The hepatic nodes (Fig. 390) are small and are situated in the portal fissure and in the 
hepatoduodenal ligament. 

5. The superior gastric nodes are small and lie along the lesser curvature of the stomach; 
the inferior gastric nodes are also small and occur along the greater curvature, draining the stomach 
and duodenum. 

6. The pancreaticosplenic nodes are situated in the hilus of the spleen; they drain the spleen, 
the fundus of the stomach, and the cauda and body of the pancreas. 


V. THE LYMPHATIC NODES AND PLEXUSES OF THE PELVIS AND LOWER EXTREMITY. 


All lymphatics of the pelvis and the lower extremity communicate on either side with the 
lumbar trunk and through this reach the thoracic duct. The lumbar trunk starts in a plexus of 
nodes, which extends along the common iliac artery and is called the lumbar plexus; from here 
it passes upward along the lower portion of the aorta as the aortic plexus and so reaches the 
cisterna chyli. The lumbar plexus arises from the union of the hypogastric plexus, coming from 
the true pelvis, and the external iliac plexus, which drains the lower extremity. 

The Lymphatic Nodes of the True Pelvis.—The nodes of the true pelvis are: 

1. The hypogastric nodes (Fig. 605), which are about ten medium-sized glands situated on 
either side on the wall of the true pelvis-along the hypogastric vessels, forming the hypogastric 
plexus. ‘They receive some deep lymphatics from the thigh, which accompany the obturator 
vessels, and others from the gluteal region which reach the pelvis in company with the gluteal 
vessels and in whose course occasionally small nodes are found. In addition they receive lymph- 
atics accompanying the pudendal vessels from the perineum and the posterior portion of the 
external genitals, and also the lymphatics of the pelvic viscera (bladder, prostate, seminal vesicles, 
vagina, uterus). Their efferent vessels pass through the hypogastric plexus to the nodes of the 
lumbar plexus. 

2. The sacral nodes are situated partly behind the rectum (small, anorectal nodes) and partly 
anterior and inferior to the promontory of the sacrum in the mesorectum, these latter forming 
the continuation of the mesocolic nodes. They collect lymph mainly from the rectum and unite 
with one another and with the neighboring mesocolic and hypogastric nodes to form the middle 
sacral plexus. Their efferents pass to the lumbar nodes. 
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The Lymphatic Nodes of the Lower Extremity.—The majority of the lymphatics of the 
lower extremity, the numerous superficial ones in particular, pass up the medial and anterior 
surfaces of the thigh in almost parallel courses, having but few anastomoses, to the subinguinal 
region, where most of them pass through lymph nodes for the first time. Below this region only 
inconstant nodes occur, such as, somewhat frequently, the popliteal nodes in the popliteal space, 
and more rarely the small anterior tibial node, resting upon the upper portion of the anterior tibial 
artery. 

The nodes of the inguinal region receive afferents from the abdominal wall, the external 
genitals, and the leg. They are divided into the following groups: 

1. The inguinal nodes (Fig. 607), numbering three to five, lie along the inguinal (Poupart’s) 
ligament, the long axis of the group being parallel to the ligament and generally a little above it. 
They are situated quite superficially, immediately beneath the skin, and the lateral nodes of the 
group are smaller than the more median ones. 

2. The superficial subinguinal nodes (Fig. 607), numbering seven to twelve, are situated 
superficially, immediately beneath the skin, parallel to the long axis of the thigh in the region of 
the fossa ovalis and along the termination of the long saphenous vein. An especially large node, 
in fact, the largest one in the body, lies near the fossa ovalis, frequently immediately in front of it. 

3. The deep subinguinal nodes (Fig. 605) are the direct continuation of the preceding. ‘They 
are fewer (three to five in number) and smaller than the superficial nodes and are situated beneath 
the fascia lata, along the femoral artery and vein, deep in the ileopectineal fossa. One of the 
nodes of this group occupies the entrance to the femoral canal and is known as the node oj Rosen- 
nuiller. 

These three groups of inguinal nodes form an almost unbroken chain, the two groups of 
subinguinal nodes constituting the inguinal plexus. ‘They receive in a somewhat variable manner 
the superficial and deep lymphatics of the lower extremity, the superficial lymphatics of the gluteal 
region, the abdominal walls, the penis (clitoris), and the lateral and anterior surfaces of the 
scrotum (labia major and mons pubis). Their efferents pass to the iliac nodes. 

The Lymphatic Nodes and Plexuses of the False Pelvis.—1. The zlzac nodes (Fig. 605) 
are fairly large, numbering five to six, and lie along the external iliac vessels. ‘They are united 
by short afferents and efferents to form the external iliac plexus and they receive mainly the efferents 
of the deep inguinal nodes, and in part also vessels coming directly from the neighboring tissues. 
Their efferents pass to the lumbar nodes. 

2. The lumbar nodes (Fig. 605) are about twenty rather large nodes, which are connected to 
form the lumbar plexus and are situated along the common iliac vessels and in the neighborhood 
of the bifurcation and lower portion of the aorta. They receive the efferents of the iliac, hypo- 
gastric, and sacral nodes; the lymphatics from the sigmoid colon; those from the spermatic cord, 
which convey the lymph from the testes and the epididymis; in the female, the lymphatics from 
the ovaries, Fallopian tube, and those from the uterus which course along the ovarian vessels; 
and, finally, those from the kidney and suprarenals as well as from the lumbar region. Their 
large efferents unite to form the /umbar trunk on either side. The superficial and deep subinguinal, 
iliac, and lumbar nodes form an almost unbroken chain, through which lymph from the lower 
extremity must pass before emptying into the thoracic duct. 
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THE SYSTEMMINGGENER AIR 


THE study of the nervous system involves its anatomy, and because of its anatomical struc- 
ture, as well as in regard to its function, it is divisible into two distinctly different portions: 
The central nervous system and the peripheral nervous system. 

The central nervous system is really the central organ or central station, while the periph- 
eral system is merely a number of conducting tracts representing the conducting wires con- 
nected with the station. It contains, of course, paths which are the direct or indirect continuations 
of conduction paths of the peripheral nerves, but its essential feature is that it contains the real 
nerve centers. It consists of two not very distinctly separate parts, the brain or encephalon, 
lying in the skull, and the spinal cord, occupying the vertebral canal. These two parts constitute 
the neural canal, and arise in common from the embryonic medullary folds, and throughout 
life form a long, thick-walled tube, very complicated in structure and general form. The cavity 
of this tube is narrow throughout the spinal-cord region and is known as the central canal (see page 
118), while in certain regions of the brain it is quite large and of very variable shape, and forms 
the so-called ventricles and the cerebral aqueduct. 

The central nervous system consists of two macroscopically differently colored substances. 
One is almost a pure white and is known as the white substance, the other, in the fresh condition, 
has a grayish-red appearance, and is termed gray substance. ‘The difference in color depends 
partly upon the much richer blood-supply received by the gray substance, but mainiy upon the 
distribution of the different nervous tissue-elements (for details see the Sobotta-Huber Histology, 
Lehmann’s Medical Hand-Atlases, Vol. XXVI.). 

The white substance consists mainly of nerve fibers together with a certain amount of neu- 
roglia tissue, while the gray matter consists principally of ganglion cells and abundant neuroglia, 
with here and there a few nerve fibers. The white encloses the gray substance superficially 
throughout the entire spinal cord and brain stem, that is to say, the continuation of the cord in 
the brain.* In the main divisions of the brain, the cerebrum and cerebellum, however, gray 
substance occurs over the greater part of the surface, covering the white substance, the latter only 
exceptionally reaching the external surface of the brain in these regions. The gray substance 
appears partly as a diffuse layer or mass, as in the gray cortex of the cerebral hemispheres and 
cerebellum and in the columns of the cord, and partly in the form of separate ganglia or nuclei, 
which, in the region of the cerebral peduncles, for example, form the more or less circumscribed 
nuclei of the cerebral nerves. The white and gray substances are not always clearly separated, 
but in some regions, as in the spinal cord and the medulla oblongata, they intermingle by means 

* In certain regions of the brain-stem the gray substance does reach the surface dorsally, but this is really only an 


apparent exception to the statement made above, since the gray substance actually forms the boundary walls of the ven- 
tricles throughout. 
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of numerously branched prolongations, forming what is termed a reticular jormation. Certain 
portions of the gray, having a rather glassy appearance on account of their containing exceptional 
amounts of neuroglia, are known as the gelatinous substance, and the ependyma, which lines the 
cavities of the central nervous system, is also a special form of neuroglia.* Certain portions of 
the embryonic medullary tube retain even in the adult their original structure, that is to say, 
they do not develop into nerve tissue, but present an extremely thin, microscopically delicate 
roof for the ventricle, known as an epithelial lamina. Usually these laminz are the seat of for- 
mation of chorioidal plexuses (see below), and they pass over into the nerve tissue by a serrated 
or irregular edge, termed a tenia. 

The peripheral nervous system consists of two parts: The peripheral nerves and small 
ganglia distributed throughout the system. The nerves also are classified as trunks coming 
directly from the central organ, of whose conduction paths they are either direct or indirect con- 
tinuations, and the nerves of the sympathetic system. The nerves emanating from the central 
organ itself are divided according to their place of origin into cerebral and spinal nerves. 

The sympathetic system, which for the most part furnishes the nerves of the viscera and 
blood-vessels, has a separate-function and importance; it is connected to the central nervous 
system only indirectly by rami ‘communicantes. In contrast to the cerebrospinal system, the 
functions controlled by it are involuntary. 

In the peripheral nerves, the cerebrospinal as well as the sympathetic, conduction may take 
place in both directions, centrifugal as well as centripetal. The centrifugal nerves are motor 
nerves, the centripetal, which include those conveying impressions from the nerve endings in the 
higher sense organs, sensory. The great majority of the nerve trunks of the human body contain 
fibers or bundles which conduct in both directions; they are mixed nerves, containing both sen- 
sory and motor fibers. Only in the anterior and posterior roots of the spinal nerves and in certain 
of the cerebral nerves are the two varieties definitely separated. 

The nerve terminations also differ according to the mode of conduction (centrifugal or cen- 
tripetal). Motor nerves which end in muscles convey impulses for a contraction from the cen- 
tral organ to the muscle fiber, while sensory nerve endings receive the impulse and carry it to the 
central organ. 

The peripheral nerves at their origin from the central organ appear as thick strong trunks, 
which often form plexuses by communicating with neighboring nerves, and in their further course 
to the end organs they branch dichotomously into smaller and smaller branches. Neighboring 
nerves often anastomose; fibrils of one nerve may pass to another, as in simple anastomoses, 
where motor fibers join sensory, or mutual anastomoses, where there is an exchange of fibers 
from both nerves. 

The ganglia are grayish-red swellings in the course of peripheral fibers, and differ in struc- 
ture from peripheral nerves by containing ganglion cells. Their size is very variable, many being 
microscopic, while others attain a size of from 2 to 3 cm., and their form also is inconstant. 
If they are inserted in the course of an individual nerve trunk they are usually elongated and 
spindle shaped, while if they are the centers of nerve plexuses they are stellate. 

In the cerebrospinal nerves ganglia are found only on the posterior roots of the (cerebral 


* For further details see the Sobotta~-Huber Histology, Lehmann’s Medical Hand-Atlases, Vol. XXVI . 
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Fic. 608.—The spinal cord exposed in the spinal canal by the removal of the vertebral arches and of 
the dura mater. 
Fic. 609.—A posterior view of the spinal cord and of the roots of the nerves. 
The dura mater has been divided and reflected. 
Fic. 610.—An anterior view of the spinal cord. 
The anterior roots have been divided close to their origins from the cord. 


and) spinal nerves. The sympathetic system, however, is rich in ganglia, being essentially a 
network of nerve fibers and ganglia, the latter being partly arranged in a row in the main trunk 
and partly disposed in the branches, and even in the terminal branches situated in the substance 
of the viscera. 


SPECIAL NEUROLOGY, 


THE CENTRAL NERVOUS SYSTEM. 


THE SPINAL CORD. 


THE spinal cord (Figs. 608 to 620) is the lower stem-like division of the nervous system, 
which is situated in the vertebral canal. It merges at its upper extremity without any sharp 
line of demarcation into the medulla oblongata, which is regarded as a portion of the brain. 

It is a cylindrical cord flattened somewhat here and there, and does not fill the vertebral canal 
in either breadth or length. Its upper extremity corresponds to the lower border of the foramen 
magnum, the lower to the level of the first or second lumbar vertebra, there being no portion of 
the spinal cord in the lowest portion of the vertebral nor in the sacral canal, these portions of 
the canal containing only nerve roots passing from the cord. ‘The thickness or diameter of the 
cord varies considerably at different levels, but remains always considerably less than the trans- 
verse measurement of the vertebral canal of the corresponding vertebra, so that a cross-section 
of the spinal cord scarcely occupies half the area of the vertebral foramen. Furthermore, the 
cord does not lie naked in the vertebral canal, but is enveloped by several connective-tissue 
membranes. 

The diameter of the spinal cord shows a general decrease from above downward, the upper 
extremity of the cord being by far the thickest, and its lower extremity the thinnest portion. 
This decrease in diameter is not, however, continuous, but in those regions where the strong 
nerve trunks destined for the extremities make their exit the cord presents fusiform swellings, 
and between the two enlargements there is a much narrower portion. 

There may be distinguished in the spinal cord three successive divisions (Fig. 610): the 
upper part, lying in the cervical portion of the vertebral canal, is termed the cervical portion, 
the middle division, longer and thinner, lying in the region of the upper nine thoracic vertebra, 
is the thoracic portion, and the division situated in the region of the lower thoracic and the first 
or second lumbar vertebrz is the lumbar portion. The upper, more pronounced enlargement, 
lies at the level of the lower cervical vertebree and of the first thoracic and is known as the cer- 
vical enlargement. ‘The lower, less marked enlargement lies in the region of the lower thoracic 
vertebrae and is known as the Jumbar enlargement. The lowest portion of the spinal cord, that 
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Fic. 611.—A posterior view of a portion of the spinal cord with its membranes. 
Above, the dura mater has been divided and reflected and the arachnoid removed. 
Fic. 612.—An anterior view of the spinal cord with the efferent roots of the nerves. 
Fic. 613.—A transverse segment of the spinal cord with both spinal ganglia. 
Fic. 614.—An anterior view of the lower portion of the spinal cord. 
The dura mater has been divided longitudinally. 


the division of the posterior funiculus by the intermediate sulcus and the connective-tissue sep- 
tum starting from it, alone corresponding to the line of separation of the fasciculus gracilis and 
the fasciculus cuneatus. 

The funiculi are again subdivided, according to the fiber paths which traverse them, into 
fasciculi (Fig. 615), whose boundaries, as a rule, cannot be determined by.ordinary anatomical 
methods.* Thus the anterior funiculus has two subdivisions: 1. The narrow anterior cerebro- 
spinal (direct pyramidal fasciculus), bordering on the anterior median fissure;T it contains a part 
of the large motor path of the body, the so-called pyramidal tract, and only the direct portion 
of it, and this is occasionally (generally only in the newborn) separated from the main portion 
of the anterior fasciculus by the anterior intermediate sulcus. 

2. The remaining subdivision is known as the anterior fasciculus proprius (Flechsig’s fas- 
ciculus) and contains only short-path fibers from the cells of the spinal cord itself. 

The lateral funiculus has four subdivisions: 1. The lateral cerebrospinal (crossed pyra- 
midal) jasciculus is a descending centrifugal bundle or motor path which gradually decreases 
in thickness from above downward and contains the main part of the pyramidal path, the crossed 
tract (see page 180). It is a strong rounded three-sided fasciculus situated in the dorsal portion 
of the lateral funiculus and bordering partly on the gray matter of the posterior horn, and through- 
out the greater portion of its course is covered by the following fasciculus, so that it does not reach. 
the surface of the cord. 2. The cerebellospinal (direct cerebellar) fasciculus is a narrow super- 
ficial zone of the dorsal half of the lateral funiculus and contains ascending sensory paths. It is 
not present in the lumbar region and after its appearance increases in thickness from below 
upward. Its fibers originate in the cells of the column of Clarke and traverse the spinal cord 
and medulla oblongata to reach the vermis of the cerebellum. 3. The superficial anterolateral 
jasciculus or Gower’s tract lies superficially in the ventral half of the lateral fasciculus. The 
origin of its fibers is unknown, but it forms a sensory, centripetal system of fibers which ascend 
to the pons and cerebellum. 4. The remaining portion of the lateral fasciculus is occupied by 
the lateral fasciculus proprius (Flechsig’s fasciculus). It is a very small strip along the lateral 
border of the gray substance, between the latter and Gower’s tract, and contains mainly short- 
path fibers connecting different regions of the spinal cord, being especially for the fibers bor- 
dering upon the gray substance. 


* Their delimitation has been determined by the application of special methods to the study of the fiber-tracts of 
the central nervous system. 

} Medial to the anterior cerebrospinal fasciculus there is a narrow tract bordering immediately upon the anterior 
median fissure. It is known as the sulcomarginal fasciculus and descends from the region of the corpora quadrigemina. 
[And furthermore, a group of somewhat scattered fibers occur on the surface of the anterior funiculus, between the 
median fissure and the anterior lateral sulcus, and constitute the anterior marginal (Marchi’s) bundle, which descends 
from the cerebellum to the cells of the anterior horn.—Ep.] 
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In addition to the short-path fibers the lateral fasciculus proprius contains in its lateral portion some long, slender 
bundles, such as the rubrospinal (Monakow’s) tract, which comes from the red nucleus of the tegmentum, a quadrigemino- 
thalamus tract, a /ateral vestibulospinal tract from Deiter’s nucleus, [and Helweg’s bundle, situated superficially near the 
anterior lateral sulcus and connected above with the olivary nucleus.—ED.] 


The posterior funiculus consists of two main fasciculi: 

1. The smaller medial portion is the fasciculus gracilis (Goll’s column). It extends as an 
independent bundle to the lower portion of the thoracic region, and is bounded laterally in its 
upper part by the intermediate septum of the pia mater, while below it has no visible boundaries. 
It contains sensory centripetal fibers, which are continuations of posterior root fibers and pass 
to the nucleus gracilis in the posterior fasciculus of the medulla oblongata (see page 172). 2. 
The lateral main portion of the posterior bundle is the fasciculus cuneatus (Burdach’s column), 
which in the upper part of the cord contains short-path fibers and also continuations of posterior 
root fibers which, as they ascend, are gradually pressed medially toward the region of the fascic- 
ulus gracilis. 

In the posterior funiculus near the gray commissure there are also nerve fibers from the cells 
of the posterior horn, and special fibers occur throughout the entire length of the cord in the 
neighborhood of the posterior septum, forming what are known as the oval fasciculus (median 
root zone) and the ventral area (anterior root zone). 

[Furthermore throughout the cervical and upper thoracic regions there occurs in the medial 
portion of the fasciculus cuneatus a bundle of fibers having a descending direction and forming 
what is known as the comma tract (Schultze’s bundle).—ED.] 

The gray substance of the spinal cord (Figs. 617 to 620), surrounded on all sides by 
the white substance, so that it does not reach the surface of the cord directly, is divided into two 
halves, the gray columns, which are united with one another by a narrow bridge, the gray commts- 
sure. Within this mass, uniting both halves of the gray substance, the remains of the embryonic 
medullary cavity, the central canal of the cord is found in the form of a microscopic axial canal, 
which is generally obliterated in the adult and presents a well-marked dilatation, the ferminal 
ventricle, at the tip of the medullary cone. 

The central canal is situated in the gray commissure imbedded in a mass of neuroglia, which 
is termed the central gray substance. This.does not occupy the whole width of the gray com- 
missure, but a narrow zone of gray substance lies both in front of and behind it, forming what 
are known as the anterior and posterior gray commissures. The former does not directly border 
upon the anterior median fissure, but is separated from it by a narrow band of white substance, 
the anterior white commissure, consisting mainly of crossing fibers of the anterior pyramidal 
tracts (see pages 116 and 18r). 

Each gray column is a mirror picture of the other as is the case with the opposite halves of 
the entire cord, and, with the uniting commissure, they present a figure like the letter H in cross- 
sections of the cord. Each gray column is divided into two main parts, a more marked anteriorly 
directed swelling, the anterior column (anterior horn of the cross-section), and the less marked, 
posteriorly directed posterior column (posterior horn). 

These secondary columns are united with one another and also with the ends of the com- 
missure, but are partly separated upon their lateral surface by the fibers of the lateral column, 
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Fic. 617.—A cross-section through the cervical enlargement. (Magnified 8 times.) 
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which press medially and occupy a corresponding concavity of the gray column. Here also the 
line dividing the gray and the white substances, usually clearly separated, is indistinct, the two 
substances mingling in this region to form the reticular formation. At certain levels of the cord, 
especially in the upper thoracic region, the gray reticular processes, which enter the reticular for- 
mation, form a lateral projection into the lateral funiculus; this is termed the lateral column 
(horn) and is regarded as an annex to the anterior column. 

The anterior column through the entire length of the cord is thicker than the posterior column. 
It partly separates the anterior and lateral funiculi and, from the region of its greatest convexity, 
where it is nearest the surface of the cord, it sends out the anterior root filaments, which leave the 
cord along the line of separation of the anterior and posterior funiculus, the anterior lateral sulcus. 
These filaments are processes of the motor cells of the anterior column, the main group of cells 
of this portion of the gray substance. 

The posterior column (Figs. 613 and 617 to 620) arises at the junction of the anterior column 
and the commissure with a distinct constriction, the neck, upon which follows the head, the thickest 
part of the posterior column, and which on account of its glassy appearance is known as the 
gelatinous substance of Rolando.* The column then narrows quickly and decidedly to form the 
apex, which extends to the bottom of the posterior lateral sulcus and here receives the posterior 
root filaments entering the cord. Throughout its entire length the posterior column forms the 
boundary between the lateral and posterior funiculi. It contains practically only so-called col- 
umn cells whose axis-cylinders pass to the anterior and lateral fasciculi proprii and partly also 
to the posterior funiculus. A large group of column cells in the lower thoracic and upper 
lumbar regions forms the dorsal nucleus (column oj Clarke), situated close to the commissure in 
the neck of the posterior column. 

The gray substance of the spinal cord does not decrease in amount from above downward 
as does the white, but changes its form as well as its size at the different levels of the cord. It 
is developed most strongly in the region of the two enlargements, which, indeed, are largely caused 
by the increased amount of the gray substance. The gray substance is least developed in the 
interval between the two enlargements, that is to say, in the thoracic cord, and the lumbar 
enlargement is characterized by especially thick posterior columns, so that in the lower portion 
of the cord the gray substance presents in cross-sections a more plump appearance. 


On account of the external form of the spinal cord as described above, the gradual decrease of the white substance 
toward the lower levels and the arrangement of the gray at different levels in the cord, it is not difficult to recognize the 
level at which a given section of the cord is taken. In the cervical portion, especially at the enlargement, the cross-section 
is transversely oval, the white substance is abundant, the anterior columns are broad and the posterior narrow, the gray 
commissure is wide, the lateral columns and the columns of Clarke are lacking, and the posterior fasciculus is plainly 
divided into the columns of Goll and Burdach by the intermediate septum. In the thoracic region the cross-section is 
almost circular, the area of gray substance is small, the anterior horns are especially narrow, the gray commissure is 
decidedly narrower than in the cervical region, the lateral horns are well developed in the upper thoracic, and the columns 
of Clarke in the lower thoracic portion, and since the area of gray substance is small, the amount of white substance 
is considerably larger than that of the gray. 

The lumbar cross-section is again transversely oval, not so distinctly so, however, as that of the cervical enlarge- 
ment. In the upper portion of the lumbar cord, Clarke’s columns are still present and the mass of gray is about equal 


* The gelatinous substance of Rolando is by no means entirely composed of neuroglia, but also contains in the 
cervical region small ganglion cells, as, for example, the cells of the nucleus of the spinal tract of the trigeminal nerve. 


THE NERVOUS SYSTEM. [2r 


to that of the white. In the actual lumbar enlargement the relative amount of gray substance increases, the posterior 
‘horns becoming characterized by their great width, and the increase continuing toward the lower end of the enlarge- 
ment, the gray mass becomes larger than the white, an appearance which increases until at the base of the medullary 
cone the gray columns are covered only by a very narrow zone of white substance. 


THE ROOTS OF THE SPINAL NERVES. 

All along the spinal cord and symmetrically from both halves of it, pairs of nerves arise, 
called spinal nerves (Figs. 608 to 614). There are thirty-one pairs of them. The nerves of each 
pair have their origin from the left or right side of the cord at the same level, and each nerve arises 
by two separate roots which emerge at the anterior and posterior lateral sulci, and are accordingly 
termed the anterior and posterior roots. 

The anterior is the motor root and represents the centrifugal path entering the spinal nerves 
to pass to the muscles, the posterior is the sensory root, the centripetal path entering the cord and 
conveying impulses from the sensory end-organs. ‘The separate nerve bundles which leave the 
cord in the anterior lateral sulcus or enter it at the posterior lateral sulcus are known as root 
filaments, and in the anterior root they appear as numerous thin threads, while in the posterior 
root they are thicker, but less numerous. The whole number of nerve fibers is much greater 
(almost three times as great) in the posterior root than in the anterior, and the posterior roots are, 
therefore (those of the first cervical nerves excepted), always the stronger. 

Since the root fibers diverge toward the spinal cord and converge toward the spinal ganglia, 
each of the two (posterior and anterior) lateral sulci of the cord presents an almost continuous 
row of nerve fibers, which is continued uninterruptedly to the lower end of the cord, the last root 
filaments emerging from the medullary cone. The lines of emergence of the lower nerve roots, 
on either side, are very close together, being separated only by a narrow space; those of the upper 
thoracic nerves are furthest from the median line, even further than in the cervical nerves. 

The left and right roots of any pair of nerves are generally of equal size, but not infrequently 
variations occur, so that one root is considerably larger than that of the other side; this inequality, 
however, being equalized by the next root above or below being correspondingly larger or smaller, 
as the case may be. For an equalization of the number of nerve fibers anastomoses, known as 
ans@, occur between separate nerve roots, especially in the case of the posterior cervical roots. 
Occasionally small ganglia occur in the course of the posterior root fibers, forming the so-called 
aberrant ganglia. 

The size of the individual roots varies and generally corresponds with the spinal enlargements 
in such a way that the largest nerve root arises from the region of greatest enlargement, so that 
the roots of the sixth cervical and second sacral nerves are the largest, those of the first cervical 
and coccygeal the smallest, and those of the thoracic nerves distinctly weaker than those of the 
cervical and lumbar nerves. The anterior and posterior roots of either side unite to form the 
spinal nerves (Figs. 608, 612, and 613). According to their places of emergence from the vertebral 
canal these may be divided into eight pairs of cervical, twelve pairs of thoracic, five pairs of lumbar, 
five pairs of sacral, and one pair of coccygeal nerves, and since each nerve arises from a union of 
an anterior motor and a posterior sensory root, it is a mixed nerve. 

Shortly before uniting to form the mixed nerve the root fibers converge in a fan-like manner 
to a rounded nerve bundle, the real root, and in addition the posterior sensory root, just before 
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uniting with the anterior, forms an elongated spindle-shaped ganglion, the spinal ganglion* (Figs. 
612 and 613) whose size is relative to that of the root on which it occurs. Although the anterior 
root rests directly on the anterior surface of the ganglion, its fibers take no part in its formation, 
and the color of the spinal ganglia, being gray, contrasts with the pure white color of the nerves. 
The spinal ganglia of the cervical, thoracic, and lumbar nerves are situated in the intervertebral 
foramina, those of the sacral nerves in the sacral canal, but external to the dura mater (see below), 
and that of the coccygeal nerve, the smallest of all, generally within the dural sac. 

Since the nerve roots arise at rather small intervals from the relatively short spinal cord 
(it reaches only to the first or second lumbar vertebra) and since there is a continuous decrease in 
the intervals from above downward, so that at the lumbar enlargement the root filaments form 
an unbroken row, while the interval between the intervertebral foramina, through which the 
spinal nerves leave the vertebral canal, become gradually larger because of the increasing height 
of the vertebra, the length of the individual spinal nerve roots must increase considerably toward 
the lower part of the series. Only the upper cervical nerves have roots passing horizontally or 
nearly so;f even the middle cervical nerves must take an oblique course to arrive at their respective 
intervertebral foramina. The lower the origin of a nerve the more oblique and the longer must 
its roots be, and since the last sacral nerves emerge from the last sacral foramina, but arise from 
the cord at the level of the first lumbar or twelfth thoracic vertebra, they must traverse a distance 
of to cm., the coccygeal nerve about 14 cm., or more, within the vertebral canal (and the sacral 
canal). Consequently, the roots of the lumbar and sacral nerves, which arise at the lumbar 
enlargement, pass almost vertically downward and surround, like a horse’s tail, the filum ter- 
minale, close to which the coccygeal nerve runs. The mass of nerves thus ‘formed, which fills the 
lower part of the vertebral and almost the whole length of the sacral canal, surrounded by the 
dura mater, is the cauda equina. 

Each spinal nerve thus formed by the union of the anterior and posterior spinal nerve roots 
divides immediately upon its exit from the intervertebral foramen (or in the intervertebral for- 
amina of the sacrum) into two branches, an anterior ramus, which is much stronger than the other, 
or posterior ramus. Only in the first, and sometimes in the second cervical nerves, is the posterior 
ramus thicker than the anterior; in the remaining nerves the reverse holds true, the posterior 
rami of the lumbar and sacral nerves being especially weak, considering the size of the whole 
nerve. Both the anterior and posterior rami are mixed nerves. In the sacral region the anterior 
rami leave the sacral canal through the anterior, the posterior rami through the posterior sacral 
foramina. 

The anterior rami of the spinal nerves have a tendency to unite with neighboring nerve 
branches to form acute-angled or arched ans. These take place especially in the formation 
of the large plexuses from which the extremities receive their nerves. The anterior branches of 
the spinal nerves also receive from the sympathetic nervous system rami communicantes, which 
come from the ganglia of the sympathetic trunk (see page 239). 


* The ganglion cells of the spinal ganglia are the actual cells of origin of the posterior root fibers. For further 
details as to their minuter structure see the Sobotta~-Huber Histology, Lehmann’s Medical Hand-Atlases, Vol. XXVI. 

} The upper cervical nerves, however, do not pursue a perfectly straight course, but are slightly curved, so that 
they may not be unduly stretched by movements of the vertebral column. 
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THE SPINAL MENINGES. 


The entire central nervous system, the brain as well as the spinal cord, is enclosed within 
membranes (Figs. 609 to 611 and 614). According to structure and external appearance only two 
membranes can be recognized, the dense dura mater and a softer internal membrane, but the 
latter is composed of a more compact layer, the pia mater, lying close to the central organ, and 
a very delicate, lamellar portion, the arachnoid, which occupies the space between the pia and 
the dense dura. The dura mater is a very tough, firm, whitish, shining, fibrous membrane, quite 
strong in places (especially in the cranial portion) and poorly supplied with blood-vessels, while 
the softer membrane, especially the arachnoid, is exceedingly thin and lamellar, the cranial portion 
of the arachnoid in the cranium containing numerous cavities filled with a clear liquid, the cerebro- 
spinal fluid, while the pia mater throughout is very vascular. 

Although the structure of the membranes of the brain and the cord is in general essentially 
the same, a number of differences in detail occur, especially in the case of the dura mater, which 
is comparatively thicker in the cranium than in the vertebral canal and at the same time takes 
the place of the periosteum. 

The spinal dura mater (Figs. 611 and 614) is of medium thickness and forms a long sac 
loosely surrounding the cord.’ It begins at the foramen magnum, where it is continuous with the 
encephalic dura and where it is also closely adherent to the periosteum and the adjacent tectorial 
membrane. This dural sac extends throughout the entire length of the vertebral canal without 
filling it, however, and by its pointed extremity reaches to the end of the sacral canal. Here 
it surrounds only the filum terminale and the pair of coccygeal nerves, forming the filum of the 
spinal dura mater, and is fastened to the periosteum of the inner surface of the sacral canal and 
the posterior surface of the coccyx by connective-tissue fibers. While the spinal dural sac is quite 
a little larger than the thickness of the cord requires, it does not completely fill the vertebral 
canal, but there always remains between it and the internal periosteum of the vertebral (and 
sacral) canal an epidural cavity, practically filled by the internal vertebral venous plexuses (see 
page 82) and by a loose, fatty, and very soft connective tissue. ‘Throughout the vertebral canal, 
therefore, the dural sac is held in position only by tube-like prolongations of it which pass to the ~ 
various intervertebral foramina, enclosing the roots of each nerve and uniting firmly with the 
spinal ganglion and spinal nerve, into the neurilemma of which it gradually passes over. The 
dural sac of the spinal cord shows, therefore, on either side, two rows of lateral openings for the 
passage of the posterior and anterior roots of the thirty-one pairs of spinal nerves. 

The softer spinal membrane is divided into the spinal arachnoid and a vascular membrane, 
the spinal pia mater. 

The spinal arachnoid (Fig. 611), like the dura, forms a sac loosely surrounding the spinal 
cord, but it is much finer and more delicate than the dura, lying close to its inner surface and 
separated from it only by a potential space, the subdural cavity. It is not adherent to the dura 
except at the intervertebral foramina, where it coalesces with it in the region of the spinal ganglia. 
Somewhat firmer are its connections with the pia mater, from which it is separated by the sub- 
arachnoid cavity containing the arachnoid fluid. In addition to numerous delicate connective- 
tissue fibers that traverse this space, a few firmer connections are found which serve as a suspen- 
sory apparatus for the spinal cord in the dural sac. In the first place, rather strong and numerous 
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connective fibers pass from the pia mater in the region of the posterior median sulcus, forming 
what is known as the subarachnoid seplum, and secondly, the pia mater unites with the arachnoid 
and indirectly with the dura by the denticulate ligament, the real suspensory apparatus of the cord. 
This consists of a paired plate, placed frontally along both sides of the cord, and arises from the 
pia in the region of the lateral funiculi and is drawn out laterally into a variable number (twenty 
to twenty-five) of triangular processes, which, covered by the arachnoid, are attached to the inner 
surface of the dura mater and, in the upper part of the spinal cord, in such a manner that the 
attachment of each process takes place between the exits of two successive nerve roots. 

The spinal pia mater (Fig. 611) closely surrounds the surface of the cord and sends a fold into 
the anterior median fissure as far as the anterior white commissure, so that it covers both surfaces 
of the fasciculi bordering on the fissure. It passes over the lateral and the posterior median 
sulci, but sends fine connective-tissue processes of different lengths into the white substance of the 
cord, the posterior septum passing from the posterior median sulcus almost to the posterior com- 
missure, and in the cervical cord, the posterior intermediate seplum, passing from the posterior 
intermediate sulcus and separating the columns of Goll and Burdach (see page 118), being two 
of these processes. The lower end of the pia mater covers the filum terminale, which in its lower 
portion, where the nerve tissue is absent, is practically formed by the pia. 

The pia mater is the vascular membrane of the spinal cord; it contains the larger vessels, as 
well as their branches, which pass from the membrane directly into the substance of the cord. 


THE BLOOD-VESSELS OF THE SPINAL CORD. 


The arteries of the spinal cord are in the first place the anterior and posterior spinal arteries, coming from the ver- 
tebral. To these come the spinal rami of the vertebral, the deep cervical, the intercostal, and the lumbar arteries, which 
strengthen the spinal arteries descending from the upper part of the cord. The unpaired vessel resulting from the union 
of the two anterior arteries runs along the anterior median fissure to the base of the medullary cone. 

The veins do not differ materially from the arteries. The internal spinal veins course within the substance of the 
cord in the region of the central canal, and the external spinal veins accompany the arteries along the external surface 
and are accordingly divisible into the anterior and posterior external spinal veins. All the veins of the spinal cord enter 
the internal vertebral venous plexuses. 


THE ENCEPHALON. 
THE DEVELOPMENT OF THE CENTRAL NERVOUS SYSTEM. 

There is no organ in the body for the understanding of whose structure a knowledge of its 
development is so important as the brain. A short resumé of the development of the central 
nervous system will therefore be given, especially since the recognized divisions and the nomen- 
clature of the fully developed brain are directly based upon the development of the organ (Figs. 
621 and 622). 

The first indication of the central nervous system is the medullary plate and medullary canal 
(see Appendix II.). At an early stage the anterior end of the medullary canal becomes enlarged 
and represents the foundation of the brain, while the remaining cylindrical portion of the canal 
becomes the spinal cord. ‘The primitive brain then becomes incompletely separated by two 
successive constrictions into three enlargements, which are known as the primitive cerebral 
vesicles. ‘The anterior and largest one is the prosencephalon, the much more slender middle 
vesicle, the mesencephalon, and the posterior, but slightly enlarged vesicle, the rhombencephalon. 

Further divisions of the cerebral vesicles now take place. First from either side of the 
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prosencephalon the eye begins to form as the so-called primary optic vesicle, which in the course 
of further development (see page 127) remains attached to the brain stem by the stalk-like optic 
nerve. Furthermore, a division of the anterior and posterior of the three primary vesicles takes 
place, while the middle one remains undivided, a stage in which the brain consists of fine vesicles* 
being thus produced. By the division of the prosencephalon there are formed a posterior portion, 
called the between-brain or diencephalon, and an anterior, called the end-brain or telencephalon 
(Fig. 622), and the latter soon gives rise to two (paired) protuberances which in a short time 
outgrow all other portions of the embryonic brain in size and become the cerebral hemispheres. 
Thus, the telencephalon consists of a small unpaired and two large paired parts, the cerebral 
hemispheres. The rhombencephalon divides into a larger anterior portion, the hind-brain or 
metencephalon, and a smaller one, which gradually passes over into the cylindrical spinal cord, 
and is the after-brain or myelencephalon (Fig. 622). 

The cerebral canal, thus divided, is not a straight tube, but is much bent upon itself (Fig. 621). 
In the mesencephalon there is a considerable bend, convex upward, known as the mid-brain 
flexure, and it forms the most anterior portion of the bent embryonic neural canal. A second 
bend, posteriorly concave, occurs in the rhombencephalon, and is termed the pons flexure, and 
finally, in the region of the nape, the canal is again bent upon the cord to form the neck flexure. 
As a result of these curvatures the unpaired part of the telencephalon almost touches the strong 
anteriorly directed convexity of the rhombencephalon. Where the mesencephalon passes over 
into the metencephalon there is a rather marked constriction of the embryonic neural canal, 
known as rhombencephalic isthmus. 

Even with these divisions of the embryonic brain, the development of the organ is not nearly 
complete, but, on the contrary, the embryonic brain as a whole differs greatly from the appear- 
ance of the adult brain, even although the various main portions of the brain are indicated 
by this second division of. the neural canal. From the unpaired part of the telencephalon, the 
optic portion of the hypothalamus, and from the paired part the two cerebral hemispheres arise. 
The diencephalon gives rise to the mamillary portion of the hypothalamus and the true thalam- 
encephalon; the mesencephalon undergoes the least changes, forming the corpora quadrigemina — 
and the cerebral peduncles; from the rhombencephalic isthmus are formed the brachia conjunc- 
tiva and the anterior medullary velum; from the metencephalon, the pons and cerebellum; and 
from the myelencephalon, the medulla oblongata. The relations of the different portions of 
the adult brain to the embryonic vesicles may be seen in the following table: 


Primary Division. Secondary Division. Final Condition. 
Telencephalon Cerebral hemispheres. 
Bee euccpbalon (End-brain) Optic portion of hypothalamus. 
Diencephalon Mamillary portion of hypothalamus, 
Cnr a (Between-brain) { Thalamencephalon. 


J Mesencephalon { Corpora quadrigemina. 
L Digsencepbalon \. (Mid-brain) \ Cerebral peduncles. 
: Isthmus rhombencephali—Brachia conjunctiva. 


Metencephalon { Pons. 
Rhombencephalon (Hind-brain) \ Cerebellum. 
Myelencephalon J 
(After-brain) f Medulla oblongata. 


* The term vesicle is not quite appropriate for these structures; they are elongated, rounded out-pouchings of a 
single continuous cylinder. 
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The parts of the brain arising from the embryonic prosencephalon and mesencephalon 
are collectively spoken of as the cerebrum. 

During the development of the embryonic cerebral canal and even before its final division 
a thickening of both its lateral walls occurs, due to their transformation into nervous tissue, 
while the base and roof (the so-called floor-plate and roof-plate) remain thin and preserve their 
epithelial character for a long time, sometimes throughout life. Furthermore, there can be 
recognized a ventral and a dorsal zone in the lateral walls of the developing canal, and the limiting 
sulci which separate the two zones persist in some regions even in the adult brain. As in the 
spinal cord, so here, the nerve fibers emerging dorsal to the limiting sulcus are sensory, and 
those emerging ventrally, motor. 

The further development of the embryonic brain to its final condition takes place largely 
by a very irregular growth of its different parts. In the first place, the cerebral hemispheres 
grow quickly on all sides and not only cover the whole remaining cerebral canal, but come into 
contact in the median line above the diencephalon, forming the longitudinal fissure of the cerebrum. 
Certain formations of the brain do not appear until relatively late—e.g., the cerebellum and corpus 
callosum. The former arises by the migration of cells from the upper half of the dorsal zone 
of the rhombencephalon into the rhomboidal roof-plate, which gives the name to this part of 
the brain and whose cells do not themselves become nervous tissue. As the migration continues 
the two thickenings which they form unite in the median line, and, by further growth, gradually 
cover in the rhomboidal fossa, which, in the embryonic brain, is visible from the surface. The 
corpus callosum develops as a band of transverse fibers, extending between the two cerebral 
hemispheres by way of the upper part of the anterior wall (lamina terminalis) of the prosen- 
cephalon, and gradually enlarges as the hemispheres increase in size. An apparent partial 
coalescence occurs between the diencephalon and the cerebral hemispheres which overlap it, 
the medial wall of each hemisphere being fused with the lateral wall of the diencephalon or thala- 
mus, while a transverse cerebral fissure separates the floor of the telencephalon and the roof of the 
diencephalon throughout life (see page 134). In the roof-plate of the diencephalon, just as in 
that of the rhombencephalon, no nerve tissue is developed (see page 156). ‘The mesencephalon 
undergoes the fewest changes, its walls thickening quite uniformly on all sides. The lumen of 
the medullary canal, originally simple, becomes differentiated into portions corresponding to 
the individual vesicles and forms the ventricles of the brain together with the cerebral aqueduct, 
and on the development of the cerebral hemispheres is prolonged into them to form the lateral 
ventricles. 

In those regions in which the roof- or floor-plates of the embryonic cerebral canal do not 
become converted into nerve tissue, but remain in an epithelial condition, as in the rhombenceph- 
alon, the diencephalon and the floor of each cerebral hemisphere, vascular proliferations of the 
pia mater force the epithelial covering into the ventricle and form the chorioidal plexuses, which 
are of great importance for regulating the pressure of the cerebrospinal fluid found in the ven- 
tricles. 

These appear comparatively early and invaginate the chorioidal lamina, as the epithelial wall 
of the ventricle is termed, into the cavity of the ventricle, so that all portions of the vascular 
plexuses are covered by epithelium, which proliferates even after the invagination is completed, 
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but never gives rise to nerve tissue. The pia mater which covers an epithelial lamina which 
forms a portion of the wall of a ventricle is termed the tela chorioidea. 

Not until late in embryonic life do fissures and convolutions appear on the surface of the 
telencephalon. ‘The first invaginations of the surface of the hemispheres, called primary fissures 
(see page 136), are found in the sixth month of fetal life. However, at the time of birth all 
convolutions are present, so that the brain of the newborn does not differ materially * from that 
of the adult. 

Much simpler is the development of the spinal cord. Here, also, the lateral walls of the 
canal thicken and become converted into nervous tissue, while the roof-plate and floor-plate 
remain thin. The lumen of the canal, which later becomes the central canal, is, therefore, for 
a time a sagittal slit. From the roof- and floor-plates, by their folding in and the formation of 
the anterior fissure and the posterior sulcus, the two halves of the gray commissure are formed. 
Originally the spinal cord extends throughout the entire length of the vertebral canal, but later 
its growth is slower than that of the canal, so that it seems to recede. A result of this unequal 
growth of the vertebral canal and spinal cord is the formation of the cauda equina, which owes 
its existence partly to the formation of the filum terminale as a result of the growth in length 
of the vertebral canal, and partly to the oblique course which the lower nerve roots are obliged 
to take. 


THE BRAIN IN GENERAL. DIVISIONS OF THE BRAIN. 


As regards the external form of the whole brain, two main surfaces may be recognized: 
One, the larger, is convex throughout and in its form corresponds almost exactly to the concavity 
of the inner surface of the roof of the skull; it is known as the convex surface oj the cerebrum, for 
the cerebrum only takes part in its formation. The second surface corresponds in general to 
the inner surface of the base of the skull, and is, therefore, largely convex, but also sinuous and of 
very variable form; it is termed the base of the encephalon. 

The external form of the brain corresponds in general to the interior of the skull, which for 
the most part (if not completely) is occupied by the brain. According to the different forms of - 
the cranial cavity, so differently shaped brains, some longer, some shorter, occur, and just as the 
length, breadth, and height vary within rather wide limits, so also does the weight of the brain. 
The male brain is heavier than that of the female, the former averaging 1375 grams, the latter 
1250 grams; very rarely a weight of 2000 grams is reached or even surpassed, and still more rarely 
does the weight fall below 1000 grams.t The length of brain averages 110 to 170 mm., and the 
greatest width is 140 mm. 

The consistency of the brain is soft, though variable in different parts; it is not, however, 
appreciably softer than the spinal cord. According to its development (see page 124) it is divisible 
into two main parts: the prosencephalon and the rhombencephalon, but from its external form it 
is divisible into three parts: the cerebrum, in which is generally included in addition to the prosen- 
cephalon, the mesencephalon, the cerebellum, and the brain stem. By the latter is understood the 

* The only important difference is, that many paths of the central nervous system are not yet medullated in the 


newborn child. The formation of the medullary sheaths is in many cases postembryonic. 
{ The brain in the lower races of mankind (negro, Australian) show a lower average weight than that of Europeans. 
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medulla oblongata and the pons, that is to say, the rhombencephalon without the cerebellum.* 
These three main divisions are distinctly characterized by their external peculiarities. The 
brain stem appears fo be a continuation of the spinal cord, not only on account of its continuity 
with it, but on account of its general external appearance, and especially because its surface (and 
that of the mesencephalon also) is formed by white matter in contrast to that of the cerebellum 
and cerebrum. . 

The cerebrum and cerebellum are entirely independent of one another, and are separated 
by a deep transverse cleft into which a portion of the dura, the tentorium cerebelli, projects, a 
connection between the two occurring only in that the cerebellum is connected with the brain 
stem and this by the mesencephalon is connected with the cerebrum. ‘The two parts present 
several common characteristics. Both have their surfaces formed of gray substance, the cortical 
substance ; both have sulci which penetrate the gray substance and produce convolutions, gyri, 
lying between neighboring sulci; both have symmetrical halves called hemispheres. However, 
decided microscopical differences exist between the gray substance of the cerebrum and that of 
the cerebellum, the sulci of the cerebellum are much narrower, the convolutions which these form 
are more slender, and the sulci run almost parallel with one another, while in the cerebrum they 
are much more irregular; furthermore, the two cerebral hemispheres are almost completely 
separated by a deep cleft, while the cerebellar hemispheres are united by a median portion, the 
vermis of the cerebellum. 

In the brain a system of cavities filled with a clear fluid, the cerebrospinal fluid, occurs, } and 
these are products of the differentiation of the embryonic medullary cavity (see page 124) and in 
the different sections of the brain receive different names. Each cerebral hemisphere has such 
a complicated space, called the /ateral ventricle, each of which communicates by a semicircular 
aperture, the interventricular foramen, with the unpaired cavity of the diencephalon, which is 
known as the third ventricle. The ventricular system is narrowest in the region of the mesen- 
cephalon, where it forms a narrow canal, the cerebral aqueduct, which connects the third and 
jourth ventricles, the latter being the cavity of the metencephalon and the neighboring portion of 
the myelencephalon, while in that part of the latter which immediately succeeds the spinal cord. . 
there is a continuation of the central canal. 


GENERAL DESCRIPTION OF THE SEPARATE PARTS OF THE BRAIN. 

Before beginning a special description of the various parts of the brain, it will be well to form 
an idea as to how the organ is constructed from its parts. For this purpose a consideration of 
three views of the brain may serve: first, that of the convex surface; second, that of the base, 
and lastly, that of a median section. 


THE CONVEX SURFACE OF THE CEREBRUM. 


In the examination of the convex surface of the brain (Figs. 590 and 628) one sees the cere- 
brum or rather the cerebral hemispheres, which are separated from one another by the deeply 
* The mid-brain is not infrequently regarded as a portion of the brain stem rather than as belonging to the cere- 
brum. 
j It is the cerebrospinal fluid in the narrower sense of the term that occurs within the ventricular cavities; the same 
name is also applied to the fluid occurring in the subarachnoid cavity. 
lll—g 
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Fic. 623.—The base of the entire brain with the points of emergence of the twelve cerebral nerves. 
Upon the left the entire semilunar ganglion has been retained. The hypophysis has been displaced slightly back- 
ward and compressed to expose the infundibulum. The Roman numerals indicate the number of the cerebral nerves. 


penetrating longitudinal fissure, and whose surfaces form a common convexity, arching in the 
frontal as well as the sagittal direction. ‘The color of the whole surface is a grayish-red, for only 
the gray cortical layer is exposed. The hemispheres, on account of their length and breadth, 
cover all other portions of the cerebrum and cerebellum, and on their convex surfaces a large 
number of, at first sight, very irregular and often anastomosing sulci will be found, which bound 
corresponding portions of the surface, known as convolutions or gyri. A number of convolutions 
together constitute a lobe, and upon the convex surface of the brain portions of a frontal lobe, 
a parietal lobe, and an occipital lobe are visible. 


THE BASE OF THE ENCEPHALON. 


The base of the encephalon (Fig. 623) is of a much more complex form than the convex 
surface of the brain, not only the cerebrum, but to a considerable extent also the cerebellum 
and the brain stem taking part in its formation, so that portions of all the main divisions (telen- 
cephalon, diencephalon, mesencephalon, metencephalon, and myelencephalon, see page 125) 
may be seen at the base, and in addition all the cranial nerves are exposed on this surface. Begin- 
ning its examination at the front and proceeding backward, there are to be seen in its anterior 
portion the concave surfaces of the two frontal lobes* with their sulci and convolutions, sepa- 
rated from one another by the longitudinal fissure. 

On either side parallel to this fissure, runs a flattened band pee from the gray 
cortex of the frontal lobe by its white color, lying in a shallow groove and having anteriorly an 
oval, somewhat flattened, grayish-yellow enlargement; this is the olfactory tract with the oljactory 
bulb. Posteriorly it runs in a shallow, white area, the olfactory trigone, which is for the most part 
covered by the optic nerve. These trigones, together with the olfactory lobes and bulbs, form 
the rhinencephalon or olfactory brain, which is regarded as belonging to the cerebral hemispheres. 
From the olfactory bulb the fibers of the olfactory nerve emerge, this being usually considered 
the first cranial nerve. 

That portion of the cerebrum which lies posterior to the frontal lobe and at the same time 
projects downward as a strong convexity, its tip, the temporal pole, overlapping the frontal lobe, 
is the temporal lobe. The deep and relatively wide cleft which separates it from the frontal lobe 
is the Sylvian or lateral fissure of the cerebrum; the furrow in which this terminates anteriorly 
is the Sylvian or Jateral fossa. The medial borders of the two temporal lobes approach one 
another so closely that the most medial point is only about 1 cm. from the median line. This 
point, which is about 3 cm. behind the temporal pole (but is more medially and higher f than it), 
is called the uncus. ‘The space which lies deeply in the base of the brain between the two unci 
and is about 2 cm. broad, allows the following important structures to be recognized: In the 
first place, adjoining the posterior end of the longitudinal fissure, there is a deeper mass of white 


* The most anterior point of the frontal lobe is called the frontal pole. 
} That is to say, regarding it from the base of the brain. 
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fibers, the optic chiasma. It forms a transverse white band from whose extremities two 
round nerve cords arise and diverge forward and laterally and are known as optic nerves, being 
the second pair of cratiial nerves. Passing to the chiasma from behind and laterally are the 
optic tracts, which in an uninjured brain are for the most part covered by the temporal lobes. 
The optic chiasma is a part of the telencephalon or, more definitely, of the optic portion of the 
hypothalamus. On either side of the optic chiasma, but somewhat deeper, in the posterior 
extension of the olfactory trigone there is an area, perforated by blood-vessels, which belongs 
to the rhinencephalon and is known as the anterior perjorated substance. 

Directly behind the chiasma, suspended by a thin, soft stem, is an irregularly round gray 
mass, the hypophysis, which is also a part of the optic portion of the hypothalamus. It is only 
loosely connected with the cerebrum and lies in the hypophyseal fossa of the sella turcica. At 
the place of origin of the hypophysis from the base of the brain there is a slightly convex, grayish 
mass, the tuber cinereum, which is directly continued into the imjundibulum, as the hollow stalk 
of the hypophysis is termed. 

Behind the tuber cinereum, and still in the deep space between the two unci of the temporal 
lobes, are two rounded eminences, distinguished by their whitish color; these are the mammillary 
bodies; they lie close to the median line and belong to the mammillary hypothalamus and, there- 
fore, to the diencephalon. 

A short distance behind the corpora mammillaria the anterior portion of the pons is seen 
as a broad expansion, and by the interposition of the broad white brain stem between the temporal 
lobes and the cerebellar hemispheres the whole configuration of the base of the brain is changed. 
However, in the.narrow space behind the corpora mammillaria, between them and the pons, 
and in the space between the corpora and the uncus of the temporal lobe, some very important 
structures, partly covered in, occur. Largely under cover of the uncus, a large white bundle, 
the cerebral peduncle (Fig. 648), emerges on either side from under the pons and diverges forward, 
the two forming the lateral boundaries of a triangular depression, the interpeduncular fossa, which 
lies immediately behind the corpora mammillaria. Its floor is perforated by numerous blood- 
vessels, whence it is termed the posterior perforated substance. ‘These structures are parts of the 
mesencephalon. From the interpeduncular fossa on either side of the mesial border of the 
peduncle the third cranial nerve, the oculomotor, has its origin. 

The posterior portion of the base of the brain has in the middle line the white brain stem, 
from which the fourth and fifth to twelfth cerebral nerves arise. Posteriorly it is directly con- 
tinued into the spinal cord without any sharp lines of division, but its anterior portion is com- 
paratively wide and is known as the pons (Varolii); the posterior, narrower portion, which is 
separated from the anterior part by a distinct transverse furrow, is the medulla oblongata. These 
structures belong to the metencephalon and myencephalon (see page 125). The whole brain stem 
is convex on its ventral surface,* this surface forming part of the base of the brain, but the pons 
presents a medial shallow indentation, the basilar sulcus, caused by the subjacent basilar artery 
(see page 36); the lateral portions of the pons, however, are convex, and pass laterally and 
posteriorly as the brachia oj the pons into the substance of the cerebellum. Distinct, though 


* The ventral surface of the crus lies upon the clivus, and therefore looks forward and downward. It forms 
with the horizontal an angle of about 70 degrees. 
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shallow furrows pass in an arch-shaped manner over the broad white mass of the pons, which 
in its anterior portion borders laterally not on the cerebellum, but on the temporal lobes of the 
cerebrum, which diverge behind the region of the uncus. 

From the substance of the pons on either side of the anterior part of the brachium the fifth 
cerebral nerve, the trigeminus, has its origin as a thick, flattened, coarse nerve trunk. Further- 
more, from the transverse furrow separating the pons and the medulla the sixth cerebral nerves, 
the abducens nerves, arise, the two being only a few millimeters apart and close to the middle 
line. The fourth cranial nerve, the ¢rochlear, the smallest of all,* is the only cerebral nerve 
which does not have its origin at the base of the brain. It arises from the dorsal surface of the 
rhombencephalic isthmus and makes its appearance on the base of the brain in the fissure between 
the lateral border of the pons and the mesial surface of the temporal lobe on either side. 

The pons is succeeded by the club-shaped medulla oblongata. Its upper portion adjoining 
the pons is thickened, while the lower portion, which passes over into the spinal cord, is much 
thinner. On the whole, the basal surface of the medulla is very similar to that of the cord, espe- 
cially since the anterior median fissure of the latter is continued along the medulla. On either 
side of the fissure is a distinct fasciculus, the pyramid, and at the junction of the medulla and cord 
the median fissure is interrupted by a crossing of the fibers of the pyramids, which forms the 
pyramidal decussation. ‘The anterior lateral sulcus of the cord also is continued upon the medulla, 
separating the pyramid from an oval enlargement at the upper part of the medulla, called the 
olive. From the anterior lateral sulcus arise on both sides in the lower portion of the medulla a 
few anterior root fibers of the first cervical nerves, and in the middle and upper portion the root 
fibers of the twelfth cerebral or hypoglossal nerve. Lateral to the prolongation of the anterior 
lateral sulcus is the upward continuation of the lateral funiculus of the cord, and in the groove 
between the brachium of the pons and upper part of the lateral funiculus the seventh and eighth 
cerebral nerves, the facial and auditory nerves respectively, arise. At their origin they lie close 
together, the auditory nerve being thicker and softer than the facial, which is weaker but firmer. 
In conjunction with both these nerves, another delicate nerve, the nervus intermedius, arises, and 
later on unites with the facial, although at first it is closely associated with the auditory nerve. 
A little below the origin of the acusticofacial nerves a closely massed group of nerve fibers arises 
from the lateral funiculus, and are the roots of the ninth and tenth cerebral or glossopharyngeal 
and vagus nerves. The eleventh cerebral nerve, the spinal accessory, arises not only from the 
medulla, but partly from the cervical portion of the cord, and runs parallel with this and the 
medulla, receiving separate root fibers from the lateral portion of the medulla. 

On either side of the medulla oblongata and also of the posterior part of the pons, the cere- 
bellum or, at least, the two strongly convex cerebellar hemispheres, may be seen toward the 
posterior portion of the base of the brain, and between the vagoglossopharyngeal and acustico- 
facial roots the pedunculated flocculus is interposed. The vascular plexus of the fourth ventricle 
also comes into view at the so-called lateral aperture of the jourth ventricle (near to the vago- 
glossopharyngeal root). The cerebellum overlaps the medulla to a considerable extent pos- 
teriorly, so that its middle portion, the vermis, which anteriorly is covered by the medulla, appears 


* If the nervus intermedius be regarded as an independent nerve, so that there are in all thirteen pairs of cranial 
nerves, then it is the smallest. ; s 
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for a small distance at the base of the brain; the cerebellum does not, however, occupy all of the 
remaining surface of the base, but laterally as well as posteriorly the temporal and occipital 
lobes of the cerebral hemispheres project beyond it. The most posterior point of each cerebral 
hemisphere is the occipital pole. 


VIEW OF A MEDIAN SECTION OF THE BRAIN. 


The best idea of the structure of the human brain can be obtained by a study of a median 
longitudinal section (Figs. 624 and 648). Such a section shows, in the first place, the large 
development of the cerebral hemisphere, in comparison with which all other portions of the 
brain seem small. Since both hemispheres are united practically only by the corpus callosum, 
and are throughout the rest of their medial surface separated by the longitudinal fissure, the 
median section gives a complete view of the mesial surface of the hemisphere, while the dien- 
cephalon, mesencephalon, and rhombencephalon, as well as the corpus callosum of the cere- 
brum and the optic portion of the hypothalamus of the telencephalon, are cut. 

The anterior portion of the section is again occupied by the frontal lobes of the cerebral 
hemispheres, with the frontal pole as the most anterior point. Above the corpus callosum is the - 
parietal lobe and behind it the occipital lobe, and in both of these special lobules may be recog- 
nized, such as the paracentral lobule, the precuneus, and cuneus (see page 145). The temporal 
lobe is almost wholly concealed by the brain stem and cerebellum. ‘The most striking feature 
of the section is the corpus callosum, which appears in cross-section as a rather high, pure white, 
curved mass, which forms a transverse fibrous connection between the two hemispheres. It 
presents a body which is slightly convex upward and, in addition, a slightly enlarged posterior 
extremity, the spleniwm, and an anterior portion, the genw. From the genu the rostrum extends 
downward and posteriorly and is the thinner portion of the callosum which is continued into a 
very thin lamina, the lamina terminalis, which forms the anterior wall of the third ventricle. 

A median section of the brain will, naturally, divide all unpaired cavities, such as the third 
ventricle, the Sylvian aqueduct, and the fourth ventricle together with its continuation, the central, . 
canal of the cord.* On examining a median section of the third ventricle, its peculiar form, 
produced by its ventral (directed downward) evaginations, which extend into the hypothalamus, 
will be observed. In the upper portion of the cleft-like ventricle the lateral wall is formed by 
the thalamus, the main portion of the diencephalon, and at the lower border of the surface 
of the ventricular surface of this is a furrow, the hypothalamic sulcus, which separates the thalamus 
from the hypothalamus. The portion of the ventricle belonging to the hypothalamic region 
possesses two evaginations directed downward; the anterior one, known as the optic recess, lies 
between the lamina terminalis, which forms the anterior boundary of this part of the ventricles, 
and the optic chiasma, which lies in the floor of the ventricle; the posterior diverticulum is con- 
ical in shape and extends from the duber cinereum (see page 131) into the infundibulum, and 
is, therefore, termed the injundibular recess. ‘These portions, the lamina terminalis, the optic 
chiasma, the tuber cinereum, and the hypophysis form the anterior or optic portion of the hypo- 
thalamus, and belong to the telencephalon. 

Close behind the upper border of the lamina terminalis, where this passes over into the 


* The cavity of the septum pellucidum (see page 134) is also exposed. 
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Fic. 624.—A median section of the human brain. 


rostrum, is the white circular cross-section, of the anterior commissure. Furthermore, in front 
of the lamina terminalis, in the most posterior portion of the adjacent frontal lobe of the cerebrum, 
lies a portion of the rhinencephalon, rudimentary in man, known as the parolfactory (Broca’s) 
area, bounded in front and behind by the anterior and posterior parolfactory sulci (Fig. 648). 

Behind the tuber cinereum the mammillary hypothalamus with the corpus mammillare 
will be seen, these parts really belonging to the diencephalon, and behind them the floor of the 
interpeduncular fossa with the posterior perforated substance and an oblique section of the 
cerebral peduncle may be seen, these being parts of the mesencephalon. 

The surface of the thalamus turned toward the third ventricle is almost plane, being only 
moderately concave; only a small round area of it, the intermediate mass, is cut by a median section, 
this being an inconstant fusion of opposite thalamic surfaces, which are only separated by a 
short interval. At the anterior end of the thalamus the interventricular foramen may be noticed, 
leading from the third ventricle into the corresponding (left or right) lateral ventricle. It is 
situated between the anterior portion of the thalamus and the column oj the fornix, which also 
bounds the foramen above. The part of the fornix which projects freely toward the ventricle 
is known as the free portion of the column of the fornix, in contrast to the continuation running 
in the substance of the ventricular wall (see page 148). Posteriorly the column then curves 
with an upward convexity into the body of the fornix, which lies close to the ventral surface of the 
corpus callosum. In the region of the genu and the neighboring portion of the body of the corpus 
callosum, however, the two structures are not in contact, but are separated by two thin gray 
plates, the lamine of the septum pellucidum, which are situated immediately on either side of 
the median line, and between the two laminz there is a cavity, the cavity of the septum pellucidum, 
closed above and anteriorly by the corpus callosum and having no connection whatever with 
the ventricles, since it is formed only secondarily by the development of the corpus callosum. 

The third ventricle is one of those cerebral cavities whose original roof-plate (see page 127) 
remains in an embryonic condition, so that the roof of the ventricle is formed apparently by the 
pia mater intruding between the lower surface of the corpus callosum and upper surface of the 
third ventricle. The space between these two structures is known as the /ransverse cerebral 
fissure and the double lamina of pia mater lying in it is the chorioidal tela of the third ventricle. 
In its posterior upper portion the third ventricle is bounded by a formation known as the epithala- 
mus, which consists of the pineal body or epiphysis, which projects backward as a flattened pear- 
shaped body over the quadrigeminal lamina. Into its stem, the so-called habenula, a continuation 
of the ventricle, the pineal recess, extends, and below the recess a white tract, the posterior com- 
missure, is seen in section. Below this is the entrance of the cerebral aqueduct, the cavity of the 
mesencephalon. 

Of the mesencephalon there can be seen in median section, in addition to the cerebral (Syl- 
vian) aqueduct, first, a longitudinal section of the quadrigeminal lamina, which represents the 
dorsal portion of the mesencephalon, and second, in the ventral portion, an oblique section of 
the cerebral peduncle. Below this is the posterior perforated substance of the interpeduncular 
fossa with the emerging oculomotor nerve. 
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deeper sulci are known as fissures. Certain convolutions which lie deeply seated and cannot 
be seen on the surface are the deep gyri, and the smaller ones connecting the main gyri or two 
different lobes are termed transition gyrt. 

The entire hemisphere is divided into four lobes, the frontal, parietal, occipital, and temporal, 
to which another portion, the insula is added. 

Each hemisphere is a mirror image of the other, and as regards the details of development or 
location of the gyri and sulci, the two usually show but inconsiderable and always unimportant 
differences. In its external form each cerebral hemisphere is elongated and rounded, the pos- 
terior and anterior ends being tapered, but rounded off. The medial surjace (Fig. 632) bounding 
the longitudinal fissure is flattened and almost plane, and extends down to the superior surface 
of the corpus callosum, and above it passes over by a rounded border, the so-called angle of the © 
pallium, into the upper lateral convex surface of the hemisphere. The inferior surjace (Fig. 630) 
is concave in the region of the frontal lobe and convex in the anterior part of the temporal lobe, 
this lobe being, however, decidedly concave in its posterior part as is also the neighboring part 
of the occipital lobe. The latter concavity is due to the cerebellum, which with its convex surface 
underlies the cerebrum in this situation. The inferior surface also presents a groove-like depres- 
sion corresponding to the lesser wing of the sphenoid, between the frontal and temporal lobes; 
this is the Sylvian or lateral cerebral jossa which is continued upon the convex surface of the brain. 
In general, the shape of the anterior portion of the inferior surface is determined by the form 
of the inner surface of the base of the cranium, upon which it lies and upon the bones of which 
it leaves digital impressions.* 

On each cerebral hemisphere are three points called poles, where the pallium has its greatest 
extension in a given direction. The most anterior point of the frontal lobe is the jrontal pole, the 
most posterior point of the occipital lobe is the occipital pole, and the most external point of the 
temporal lobe, projecting forward and downward, is the temporal pole. 

Those fissures of the brain which appear first during embryonic development (see page 128) 
are known as primary fissures and are three innumber: 1. The largest of all the cerebral fissures, 
the Sylvian or Jateral fissure (Figs. 625 and 626), arises from the lateral cerebral fossa, passes 
upward and backward on the convex surface separating the temporal from the frontal and parietal 
lobes. 2. The second primary fissure is that of Rolando or the central sulcus (Figs. 626 and 627), 
which extends at almost a right angle from the pallial angle down almost to the lateral cerebral 
fissure; it is regarded as the fissure separating the frontal and parietal lobes. 3. The third is 
mainly developed on the medial surface of the hemisphere and is known as parteto-occipital 
fissure (Fig. 632). It separates the occipital and parietal lobes, but in the human brain it extends 
upon the convex surface but a short distance beyond the pallial angle. 

The other fissures are much narrower and in addition are irregular as regards their develop- 
ment and arrangement. The convolutions also differ in development, not only varying individ- 
ually in number or size (width), but also presenting certain definite modifications in every brain. 
Thus, the anterior end of the frontal lobe and the temporal lobe has narrow, generally greatly 
curved gyri, separated only by shallow fissures, while in the parietal and temporal lobes and in 


* The petrosal impression is a shallow, easily obliterated impression on the inferior surface of the hemisphere due 
to the superior angle of the pyramid. It indicates approximately the line of division between occipital and temporal lobes. 
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the posterior portion of the frontal lobe the sulci are much deeper and the gyri usually considerably 
broader. It has already been mentioned above that the gyri of the two hemispheres do not 
correspond in every detail. 

The apparent irregularity in the arrangement of the gyri of the pallium may be simplified by 
neglecting all smaller and accidental ones which are numerous and vary greatly individually, 
and the remaining more constant ones may be grouped according to their distribution in the 
various lobes in the following manner: 

1. The Frontal Lobe.—The frontal lobe (Figs. 625 to 632) is the anterior part of the hemi- 
sphere and its anterior portion forms the jrontal pole. Its inferior surface rests upon the orbital 
surface of the orbital portion of the frontal bone and is slightly concave; its mesial surface is flat, 
as is also the whole mesial surface of the hemisphere, and its dorsolateral surface is convex. Its 
anterior part is free on all sides and the posterior part borders upon the lateral cerebral fossa and 
the anterior portion of the lateral cerebral fissure. Posteriorly, the frontal lobe extends to the 
central fissure which is regarded as the separation between the frontal and parietal lobes.* 

As regards its sulci and gyri, the frontal lobe shows a different condition on its inferior 
surface on the one hand,and on its mesial and dorsolateral surfaces on the other. Its large 
main gyri are on the latter two surfaces and consist of three sagittal gyri, termed the superior 
jrontal, middle frontal, and inferior frontal gyri. These are separated by two corresponding 
fissures, the superior frontal and the im{jerior frontal sulci which start at the anterior border of the 
anterior central, or precentral sulcus, so that only from this line forward are the three frontal 
gyri recognizable. 

The superior frontal gyrus (Figs. 625 to 632) lies partly on the convex but also largely on 
the mesial surface of the hemisphere, and as a narrow band the gyrus rectus (Figs. 630 and 631), 
which is separated from the orbital gyri by the olfactory sulcus, it extends to the inferior concave 
surface of the lobe. The middle jrontal gyrus (Figs. 625 to 628) is on the convex surface between 
the superior and. median frontal sulci, and in it there may be distinguished an upper superior 
portion, and a lower inferior portion directed toward the convex surface of the lobe. The zjerior .. 
jrontal gyrus (Figs. 625 and 626) extends from the inferior frontal sulcus to the lateral cerebral 
(Sylvian) fissure and the lateral cerebral fossa and to the lateral free surface of the lobe, where it 
passes over, without any sharp line of demarcation, into the orbital gyri. It lies, therefore, on the 
lateral convex surface of the lobe and presents three distinct portions separated as follows: The 
lateral cerebral (Sylvian) fissure consists of an almost horizontal posterior ramus, and an 
upwardly directed anterior ramus, and this latter is split in a fork-like manner into an anterior 
almost horizontal limb, the anterior horizontal ramus, and a posterior, almost vertical. branch, 


* It would be better to place the posterior boundary of the frontal lobe at the precentral sulcus for the following 
reasons: 1. The three frontal gyri extend only to this sulcus. 2. The anterior central gyrus, lying between the pre- 
central and central sulcus, is closely connected with the posterior central gyrus, lying behind the central sulcus, not 
only in function, but topographically (in the region of the operculum and paracentral lobule), so that a division between 
the two lobes along the line of the central sulcus is impossible. 3. If the central sulcus be taken as the posterior 
boundary of the frontal lobe the latter is not only very long (and the parietal lobe correspondingly short), but it extends 
far beyond the frontal region into the parietal region. Furthermore, the paracentral lobule then belongs partly to the 
frontal, and partly the parietal lobe, without any apparent line of separation, because the central fissure does not ex- 
tend into it. 
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Fics. 625 and 626.—The fissures and convolutions of the cerebral cortex as seen from the left side. 
The cerebellum and brain-stem have been removed. 
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the anterior ascending ramus. Both these branches advance into the substance of the inferior 
frontal gyrus, and that part of it lying in the fork of the anterior ramus of the lateral fissure 
is the triangular portion, that lying in front of the anterior horizontal ramus and gradually 
passing over into the orbital gyri of the inferior surface of the lobe is the orbital portion, and the 
part behind the anterior ascending ramus forms a portion of the so-called operculum and is called 
the opercular portion.* 

By the operculum (Fig. 626) is meant all those portions of the frontal, parietal, and temporal 
convolutions which border on the lateral cerebral fissure and cover the gyri of the insula, which 
lie in the depth of the fissure. There are, therefore, distinguishable a frontal, a temporal, and a 
parietal portion of the operculum.t 

The concave inferior surface of the frontal lobe has very small and generally very irregularly 
arranged convolutions which are collectively termed orbital gyri (Figs. 629 and 630). They are 
the continuation of the inferior portion of the middle frontal gyrus and of the orbital portion of 
the inferior frontal gyrus. Shallow furrows separate the different convolutions; a middle fissure 
has generally the form of an H (sulcus cruciatus); a somewhat deeper one, the olfactory sulcus, 
contains the olfactory*tract, and separates the gyrus rectus (see page 137) from the orbital gyri. 

The whole mesial surface of the frontal lobe, however, does not belong to the first frontal 
convolution, but a portion lying above the corpus callosum belongs to the gyrus cinguli (see page 
144), and a smaller portion anterior to the rostrum belongs to the rhinencephalon (see page 145). 
A description of the anterior central gyrus will be given in connection with the parietal lobe. 

2. The Parietal Lobe.—The parietal lobe (Figs. 625 to 628, 631 and 632) is the middle 
portion of the cerebral hemisphere, bordering on all the other lobes, and including a part of the 
convex and a part of the flattened mesial surface of the hemisphere. Its boundaries are rela- 
tively indistinct; the one toward the frontal lobe is the central sulcus,{ and the one toward the 
temporal lobe, the posterior ramus oj the lateral cerebral fissure. The parietal lobe, however, 
extends beyond the’ posterior end of this fissure, so that in this region a sharp demarcation of the 
lobe does not exist. The same holds true of the boundary toward the occipital lobes. On the 
mesial surface of the hemisphere, the parieto-occipital fissure (Figs. 631 and 632) forms a sharp 
limit, but this primary fissure extends beyond the angle of the pallium only to a somewhat variable, 
but always short, distance upon the convex surface, so that upon that surface a sharp boundary 
line cannot be drawn between the occipital and parietal lobes. 

The most important fissure in the parietal region is the central sulcus (fissure of Rolando), 
whose course has already been described above. It separates two parallel, usually well-developed 
and broad convolutions. In front of the central sulcus lies the anterior central gyrus, which, 
according to the usual interpretation, belongs to the frontal lobe, and behind this is the posterior 
central gyrus. ‘The anterior central gyrus is separated by the precentral sulcus, which in portions 


* The opercular portion of the left inferior frontal gyrus contains the motor cortical center for speech (Broca’s 
center). 

f Another and preferable nomenclature regards the operculum as the portion of the cerebral hemisphere lying 
between the anterior and posterior rami of the lateral fissure. The operculum would then consist of a frontal portion 
(the opercular portion of the inferior frontal gyrus) and a parietal portion, but would include no temporal portion. 

t If the anterior central gyrus be assigned to the parietal lobe, then the posterior boundary of that lobe will be the 
precentral sulcus. 
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of its course is incomplete, from the three frontal convolutions and, therefore, from the real frontal 
lobe; the posterior central gyrus has for its posterior boundary a somewhat transversely directed 
anterior portion of the interparietal sulcus (see below). At their lower ends, below the lower 
extremity of the central sulcus, both central gyri are united, and in this region just above the 
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Fics. 627 and 628.—The fissures and convolutions of the cerebral cortex as seen from aboye (the 
convex surface of the cerebral hemisphere). 


lateral cerebral (Sylvian) fissure they form a part of the operculum (see page 139). They behave 
similarly on the mesial surface of the hemisphere, where they coalesce to form the paraceniral 
lobule (see page 145). 

In addition to the two central gyri the parietal lobe contains only convolutions of a sub- 
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ordinate order, whose development and arrangement is very variable. The main fissure of the 
. lobe—the central fissure being excepted—is the imterparietal sulcus which determines the ar- 
rangement of the remaining gyri. This runs from the posterior surface of the posterior central 
gyrus, obliquely, medially and posteriorly, over the parietal lobe toward the occipital lobe, and 
if well developed, its posterior end extends to the dransverse occipital sulcus of the occipital lobe. 
Its anterior end possesses a more or less distinctly developed cross fissure, which serves as the 
posterior boundary of the posterior central gyrus. 

By the interparietal sulcus that portion of the convex surface of the parietal lobe which 
lies behind the central gyri is divided into two lobules. Above and medial to the fissure is the 
superior parietal lobule, and below and laterally the injerior parietal lobule, each consisting of a 
number of smaller, for the most part irregularly arranged, convolutions, of which two in the 
inferior parietal lobule have special names, namely, first, the supramarginal gyrus, which 
arches around the posterior end of the lateral (Sylvian) fissure; and secondly, the angular gyrus 
which surrounds in a similar manner the posterior end of the superior temporal sulcus. Both 
these gyri, and especially the supramarginal, are very variable in their development. 

For the medial surface of the parietal lobe and the paracentral lobule see page 145. 

3. The Occipital Lobe.—The ocr‘pital lobe (Figs. 625 to 632) is the smallest of the 
four lobes of the hemisphere. Its form is that of a low, three-sided pyramid with rounded apex, 
the latter being formed by the occipital pole. ‘The base of the pyramid is the plane of union 
with the two neighboring lobes (temporal and parietal), and of the other three surfaces, one is 
convex and represents the principal surface of the lobe, which forms a part of the convex surface 
of the hemisphere; the second is flat and forms a part of the medial surface of the hemisphere; 
and the third is concave and rests upon the cerebellum, or rather on the tentorium cerebelli, 
which here separates cerebrum from cerebellum (see page 189). The separation of the occipital 
from the two neighboring lobes is incomplete. It is so closely united with the temporal lobe 
that at the best only the petrosal impression can be taken as boundary line between the two (see 
page 136, footnote), and from the parietal lobe it is separated only on its mesial surface and in 
the portion of its convex surface lying lateral to the angle of the pallium by the parieto-occipital 
jissure (see page 145). 

Except on the medial surface, which will be described later, the occipital lobe has only very 
small, unimportant, and individually very variable convolutions. Those on its convex surface 
are collectively known as the superior and lateral occipital gyri, the only large and fairly constant 
fissure found upon this surface being the almost transverse, but usually short, éransverse occipital 
sulcus, which sometimes unites with the posterior end of the interparietal sulcus. 

The concave inferior surface of the occipital lobe does not possess independent gyri, the 
sulci and gyri of the corresponding temporal surface being continued upon it. 

4. The Temporal Lobe.—The temporal lobe (Figs. 625, 626 and 629 to 632) has an elongated, 
somewhat cylindrical form. It forms the lower anterior portion of the hemisphere and is the 
only one of the four lobes which does not come into relation with the longitudinal fissure. It 
is closely united to the occipital lobe, into which it gradually passes posteriorly, and while it is 
largely separated from the parietal lobe by the posterior ramus of the lateral cerebral fissure, 
it is also closely connected with it through the lateral gyri of the inferior parietal lobes (the supra- 
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marginal and angular gyri). Of the surfaces appearing on the hemisphere, one is convex and 
forms the lower anterior portion of convex cerebral surface, the second and principal surface 
is inferior and is concave posteriorly because of the cerebellum (see page 136) but convex 
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Fics. 629 and 630.—The fissures and convolutions of the cerebral cortex as seen from below. 
The brain-stem and cerebellum have been removed. 


anteriorly, and the third incompletely developed surface lies along the lateral cerebral (Sylvian) 
fissure and in the intact cerebrum cannot be seen upon the outer surface. 
The main portion of the temporal lobe is divided into sagittal longitudinal gyri by distinct, 
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longitudinal fissures. These are in the first place the three temporal sulci, superior, middle, 
. and injerior, which, together with the posterior ramus of the lateral cerebral fissure, form the 
boundaries of three Sagittal temporal gyri which generally are well developed and quite broad. 
The superior temporal gyrus (Figs. 625 and 626) lies between the posterior ramus of the lateral 
cerebral fissure and the superior temporal sulcus; its most anterior point, uniting with the middle 
convolution, forms the temporal pole. The middle temporal gyrus (Figs. 625 and 626) lies between 
the superior and middle temporal sulci and is connected with the superior one posteriorly by 
the angular gyrus (see page 141). The superior and middle temporal gyri lie upon the lateral, 
inferior portion of the convex surface of the hemisphere, but the inferior temporal gyrus (Figs. 
625, 626 and 629 to 632) occupies the rounded border between the convex lateral surface and 
the concave inferior surface of the temporal lobe. It lies between middle and inferior temporal 
sulci, the latter separating it from the fusiform gyrus. 

On the concave inferior surface of the cerebral hemisphere, on which temporal and occipital 
lobes pass into each other without any line of demarcation, a very long sagittal fissure is found 
which runs almost parallel to the inferior temporal sulcus and extends as the collateral fissure 
(Fig. 632) into the region of the concave occipital surface, which in this region is not sharply 
divided from the temporal lobe. It corresponds to the collateral eminence of the lateral ven- 
tricle (see page 152), and together with the inferior temporal sulcus bounds a spindle-shaped 
convolution, the fusiform gyrus, which, like the collateral fissure, extends into the occipital lobe. 
Medial to the collateral fissure is the medial marginal portion of the lobe, which in its anterior 
portion is known as the gyrus hippocampus (see below), and in its posterior portion as the gyrus 
lingualis (Fig..630). The latter extends into the region of the occipital lobe and is limited medially 
by the calcarine fissure (see below), thus lying between the collateral and calcarine fissures. 
Anteriorly it generally blends with the isthmus of the gyrus fornicatus. The anterior extremity 
of the hippocampal gyrus is curved in a hook-like manner and can be seen on the base of the 
brain (page 130) as a prominence known as the uncus. The medial boundary of the hippo- 
campal gyrus is the hippocampal fissure, whose relation to the hippocampus will be discussed 
below. 

The surface of the temporal lobe bordering deeply on the lateral cerebral (Sylvian) fissure 
also possesses a few small convolutions and fissures. They run transversely from the region 
of the superior temporal convolution to the insula (see below) and, like the gyri of this, can be 
seen only when the borders of the Sylvian fissure are pressed apart. ‘They are known as the 
transverse temporal sulci and gyri and are two, or at most three, small convolutions. 

5. The Medial Surface of the Hemisphere.—In the formation of the flattened medial 
surface (Figs. 631 and 632) which bounds the longitudinal fissure, the frontal, parietal, and 
occipital lobes all take part. There are, however, a number of formations upon this surface 
of the hemisphere which require a separate description. 

In the first place there is a fissure just above the corpus callosum, which separates the gray 
pallium from the white substance of the corpus callosum, and is termed the sulcus o } the corpus cal- 
losum. It extends from the genu to the splenium and is continued on the concave inferior surface 
of the temporal lobe as the hippocampal fissure (see above). Parallel to this arch-like sulcus, 
a second one, the sulcus cinguli, also encircles the callosum at some distance, and, with the sulcus 
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of the corpus callosum, bounds a usually very broad and distinct convolution, the gyrus cinguli, 
which lies immediately above the corpus callosum. It is the anterior portion of a long arch-like 
convolution which extends along the medial border of the pallium and is known as the gyrus 
jornicatus. The anterior and superior portion of this is the gyrus cinguli and the lower and pos- 
terior portion the gyrus hippocampus mentioned above, the two being united behind and below 
the splenium of the corpus callosum by a narrow strip, the zsthmus of the gyrus jornicatus. 

The sulcus cinguli, which on the one hand forms, together with the sulcus of the corpus 
callosum, the boundary of the gyrus cinguli, on the other separates it from the portion of the 
superior frontal gyrus lying on the medial surface of the hemisphere. This anterior portion of 
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Fics. 631 and 632.—The fissures and convolutions of the cerebral cortex (mesial surface). 
The brain has been bisected in the median plane and the cerebellum and brain-stem removed by a section 
passing obliquely through the optic thalamus. 


the sulcus cinguli is called the subjrontal portion, and the posterior portion is termed the marginal 
portion, because it here rises above the posterior section of the body of the corpus callosum toward 
the angle of the pallium. Consequently, the posterior portion of the gyrus cinguli is no longer 
bounded above by the sulcus cinguli, but by a usually rather poorly developed fissure, variable 
in shape, which is termed the subparietal sulcus and continues the direction of the sulcus 
cinguli. 

By the marginal portion of the sulcus cinguli ascending to the angle of the pallium and by 
the mesial part of the precentral sulcus, which, if well developed, may extend to the sulcus cinguli, 
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a special lobule, called the paracentral lobule, is bounded. It surrounds the medial (upper) ends 
of the two central gyri, which unite in this region, for although the central sulcus which separates 
them generally extends beyond the angle of the pallium, it does not reach the sulcus cinguli. 

Behind the paracentral lobule on the medial surface of the hemisphere is a quadrangular 
area known as the precuneus. Its anterior boundary is the marginal portion of the sulcus cinguli, 
its posterior the parieto-occipital fissure, its superior the angle of the pallium, and its inferior 
the subparietal sulcus. 

The parieto-occipital fissure, which on the medial surface forms a sharp boundary for the 
occipital and parietal lobes, unites in a right or acute angle behind the splenium of the corpus 
callosum and in the region of the isthmus of the gyrus fornicatus with the calcarine fissure which 
courses horizontally toward the occipital pole. ‘This fissure corresponds to the calcar avis of 
the posterior cornu of the lateral ventricle (see page 151). The parieto-occipital and calcarine 
fissures bound a triangular space on the medial surface of the occipital lobe, called the cuneus; 
and just below it, and separated from it by the calcarine fissure, is the gyrus lingualis (see page 
143). 

The Insula (Island of Reil).—The insula (island of Reil) (Figs. 633, 635, 645, and 674) is 
a peculiar group of convolutions. It is situated in the depth of the lateral (Sylvian) fissure (see 
page 139) and is, therefore, in the intact brain, only visible when the borders of the fissure are 
widely separated. The convolutions of the insula rest directly on the large basal ganglia of the 
cerebral hemisphere, being separated from the lenticular nucleus only by the neighboring claus- 
trum and the external capsule (see page 153); they are covered by the operculum (see page 139). 

The insula is separated from the neighboring gyri of the operculum in front, above, and 
behind, by a semicircular fissure, the circular sulcus (sulcus of Reil), while its gyri are separated 
from the anterior perforated substance by a band-like elevation, the limen insule.. The central 
sulcus oj the insula runs obliquely from posteriorly and above to anteriorly and below, and sepa- 
rates the insula into an anterior and a posterior portion. The anterior portion contains generally 
three short gyri, which blend below in the pole of the insula located near the limen insule; the 
posterior section is formed by the long gyrus of the insula, which is usually divided in its upper 
portion and coalesces with the neighboring gyri of the temporal and parietal lobes. 


‘THE RHINENCEPHALON. 


To the rhinencephalon (Figs. 623, 624, 647, and 648) belongs the olfactory lobe, which is 
rudimentary in man, and extends along the inferior surface of the frontal lobe. It consists of 
the olfactory bulb, the olfactory tract, and the olfactory trigone. Furthermore, the olfactory strie 
(medial, intermediate and lateral), the anterior perforated substance, the paroljactory area (Broca’s 
area) and the subcallosal gyrus are included in the rhinencephalon. 

The olfactory bulb (Figs. 624 and 648) is an elongated, flattened, light gray body, from 
which the olfactory nerves emerge. It lies upon the cribriform plate of the ethmoid and occupies 
the anterior end of the olfactory sulcus of the frontal lobe. Posteriorly, it is continued into the 
whitish olfactory tract, which lies in the olfactory sulcus, as a cord flattened below and slightly 
pointed above, and which posteriorly becomes the triangular enlargement known as,the olfactory 
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Fic. 633.—The cerebral cortex as seen from the right side. 

The convolutions of the insula have been exposed by removing the overlying portions of the frontal, parietal, and 
temporal lobes. 

Fic. 634.—The entire length of the fornix exposed in its natural position. 

The brain has been bisected in the median plane and the brain-stem and cerebellum remoyed by an oblique section 
through the thalamus. Enough of the hippocampal gyrus has been remoyed to show the fimbria and dentate fascia; 
the covered portion of the column of the fornix and the thalamo-mammillary fasciculus have been exposed by dissection. 
The specimen is viewed from below and from the inner side. 


trigone.* ‘This lies on the anterior border of the anterior perforated substance along the lower 
surface of the peduncular portion of the cerebral hemisphere (see page 154). 

From the posterior end of the olfactory tract, that is to say, from the olfactory trigone, three 
white bands-called oljactory strie (Fig. 648), pass out. The middle band is very short and not 
always well developed; it is called the intermediate olfactory stria and sinks immediately into 
the anterior perforated substance. The Jateral stria is the longest and runs along the border 
of the anterior perforated substance to the limen insulz, with which it blends.—| The medial 
stria curves upward upon the medial surface of the hemisphere where it terminates in the parol- 
factory area. P 

The paroljactory or Broca’s area (Figs. 632 and 648) is a small gyrus lying in front of the 
rostral plate of the corpus callosum, and is separated from the subcallosal gyrus by the posterior 
parolfactory sulcus, and from the superior frontal gyrus by the anterior paroljactory sulcus. The 
latter is usually very deep and well developed and has an almost horizontal course. 

The subcallosal gyrus is a narrow convolution lying between the shallow posterior parol- 
factory sulcus and the rostrum of the corpus callosum; on account of its relative position to the 
latter it was formerly designated the peduncle of the corpus callosum. Its surface is of a whitish 
gray color, without the reddish tinge which distinguishes the other cerebral convolutions, and 
generally it passes over into the anterior perforated substance without any distinct boundary. 
The perforated substance owes its peculiar appearance to the pores produced by the penetrating 
vessels; it lies at the base of the brain between the olfactory trigone, the optic tract, and the 
limen insule. 

THE CORPUS CALLOSUM. 

The corpus callosum (Figs. 624, 632, 634, 635, 646, and 648) is a large unpaired medullary 
mass,} which unites the two hemispheres as a commissure (the great cerebral commissure). It 
consists of transverse fibers, arranged in bundles and indicated on the surface of the corpus callo- 
sum as the transverse strie. The corpus callosum lies at the bottom of the longitudinal cerebral 
fissure, of which it forms the floor, and its main portion is in an almost horizontal position. Its 
superior surface may be seen at the bottom of the longitudinal cerebral fissure, while its inferior 
surface has attached to it anteriorly the septum pellucidum and posteriorly the fornix, and its 


* The upper surface of the trigone, directed toward the bottom of the olfactory sulcus, has a small enlargement, 
the olfactory tubercle. 

+ The limen insule does: not belong to the insula, but to the rhinencephalon. It forms with the lateral olfactory 
stria the so-called lateral olfactory gyrus. 

t The larger masses of white substance in the central nervous system are called medullary masses, because the 
nerve fibers of which they are composed are medullated, whence the white color. 
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Ic. 635.—The superior aspect of the corpus callosum. 
The cerebral hemispheres have been removed at the level of the centrum semiovale, and the insula has been ex. 
posed upon the right side. 
Fic. 636.—The superior aspect of both lateral ventricles, the fornix, and the septum pellucidum after 
the partial removal of the corpus callosum. 
Dissection as in Fig. 635 except that more cerebral tissue has been removed and the body of the corpus callosum 
cut away. Upon the left side the chorioid plexus has been divided and reflected. 


THE FORNIX, 

The fornix (Figs. 632, 634, 636 to 638, 642, 644-646, 648, and 650) consists of two strong 
and peculiarly bent medullary striae, which in their middle portions lie below the corpus callosum 
and just above the tela chorioidea of the third ventricle. The paired character of the structure 
(which is paired throughout its entire development) can be easily recognized in front and behind; 
while in its middle portion the two striz are fused for a relatively short distance to form the un- 
paired body of the fornix, and at the same time are fused with the inferior surface of the corpus 
callosum. 

The fornix has three main portions: an anterior portion, the column of the fornix, a middle 
(unpaired) body and a posterior portion or crus oj the fornix. The middle unpaired body is a 
flattened, triangular, prismatic formation, whose broader upper surface is united to the lower 
surface of the corpus callosum and more anteriorly also to the posterior end of the septum pelluci- 
dum, while the lateral inferior surfaces lie in the transverse fissure above the thalami and the 
inferior rounded broad border over the roof of the third ventricle. 

Posteriorly and a little behind the middle of the corpus the two portions of the fornix separate 
and pass into the crura, becoming at the same time greatly flattened. The flat, diverging cords 
situated below the posterior portion of the corpus callosum diverge posteriorly and at the same 
time downward and laterally, and so produce a lyre-shaped figure (called the psalterium or 
David’s lyre), the triangular interval between the two crura being occupied by a thin medullary 
plate, the hippocampal commissure, which is usually closely adherent to the inferior surface of 
the posterior portion of the corpus callosum.* The crura have sharp, often irregular, slightly 
dentate, lateral borders, called the tenie of the fornix; they are the lines of attachment of the 
chorioid plexus of the lateral ventricle (see below). The crura, diverging posteriorly and 
downward, run in the form of an arch around the posterior end of the thalamus toward the 
hippocampus, where they terminate, after becoming still more flattened, as the hippocampal 
jimbrie. 

Just as the body of the fornix terminates posteriorly in two diverging crura, so anteriorly 
it also forms the diverging columns. These are almost circular, cylindrical cords, which begin 
below the corpus callosum at the anterior portion of the body of the fornix, and run downward, 
forward, and laterally to the lateral wall of the third ventricle. Thus, with the anterior portion 
of the thalamus, they bound on either side a semilunar opening called the interventricular joramen 
or foramen of Monro, which is the communicating opening between the third and the lateral 
ventricles. In the column of the fornix two parts are distinguishable, a free portion and a covered 
portion, for, after a short course forward, the column enters the substance of the hypothalamus, 


* Occasionally, however, it is separated from the corpus callosum by a space, the cavity of the psalterium. 
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and in it courses to the mammillary body where it terminates.* That part of the column hidden 
(it can easily be exposed by removal of the ependymal layer) in the substance of the wall of the 
third ventricle (hypothalamus) is the covered portion, the upper part, the free portion. Between 
the two parts of the free portion is a triangle, in which, looking at it from behind, the anterior 
commissure, running transversely in front of the columns, may be seen (see page 178). 


THE SEPTUM PELLUCIDUM. 


The sepium pellucidum (Figs. 624, 632, 634, and 636) is an unpaired plate, formed by two 
vertical and parallel thin gray lamella, which occupy the interval between the anterior portions 
of the corpus callosum (rostrum, genu, and anterior portion of body) and the fornix. The two 
plates which compose the septum are known as the lamine of the septum pellucidum; they are 
separated by a slit-like sagittal cavity, the cavity of the septum pellucidum, which is filled with 
fluid and is closed above by the concavity of the genu, below by the columns and anterior portion 
of the body of the fornix, and anteriorly by the rostrum of the corpus callosum. 

The lamina of the septum pellucidum isa rudimentary portion of the medial wall of the 
hemisphere and consequently~bounds its cavity, the lateral ventricle. The lateral surface of 
each lamina is, therefore, covered by the ependyma which lines the entire cavity of the ventricle. 


‘THE LATERAL VENTRICLE. 


The lateral ventricle (Figs. 636 to 641) is a peculiarly curved cavity which extends throughout 
the greater portion of each hemisphere. It lies much closer to the medial than to the lateral 
surface of the hemisphere, indeed, in places, its medial boundary is only epithelial in character. 
Furthermore, the whole lateral ventricle lies in the lower half of the hemisphere, since its highest 
point is below the level of the inferior surface of the corpus callosum, the upper half of the hem- 
isphere being solid and containing the large medullary mass of the semioval center. Normally, 
the width of the ventricle is but slight, although certain portions are wider than others. 

In each lateral ventricle four indistinctly separated portions are recognized, one of which 
belongs to each of the four lobes. The middle part, from which all others arise, is in the region 
of the parietal lobe and is called central portion (cella media). From it three projections are given 
off, the cornua of the ventricles, which penetrate more or less deeply into the three other lobes. 
The anterior cornu (Figs. 637 to 639) extends forward and at the same time downward and laterally 
into the frontal lobe, and is quite wide, but short, scarcely reaching to the genu. Posteriorly 
the posterior cornu (Figs. 637 to 640) projects from the central portion; it is a rather short pro- 
longation, curving posteriorly and medially, the sharp point in which it terminates lying con- 
siderably behind the splenium of the corpus callosum. The longest and also the narrowest 
prolongation of the lateral ventricle is the inferior cornu (Figs. 636 to 642), which follows the 
curvature of the temporal lobe, that is to say, it bends around the brain stem, downward and 
forward, to the uncus. 

Since the walls of the various portions of the lateral ventricle are formed by different, and to 
a certain extent important, structures of the brain, it will be well to consider the portions separately. 


*[The course of the column is at first downward in the substance of the lamina terminalis and then backward in 
the hypothalamic portion of the hemisphere.—ED.] 
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Fic. 637.—The superior aspect of both lateral ventricles and of the third ventricle. 

The body and splenium of the corpus callosum, the body of the fornix, and the tela chorioidea of the third ven- 
tricle have been removed. The hemispheres have been divided horizontally just below the level of the corpus callosum, 
the left temporal lobe cut away as far as the tip of the inferior horn, and a sound passed through the interventricular 
foramen. 

Fic. 638.—The lateral ventricle, the corpus callosum, and the tela chorioidea of the third ventricle. 

Dissection as in Figs. 636 and 637, except that the corpus callosum has been divided with the fornix and reflected 
forward and backward (after dividing the septum pellucidum), exposing the transverse cerebral fissure and the tela cho- 
rioidea of the third ventricle. 

Fic. 639.—The posterior and inferior horns of the lateral ventricle. 

Dissection as in Fig. 637. 


The anterior cornu (Figs. 636 and 637, 642 to 646, 674, and 675) is bounded anteriorly, supe- 
riorly, and to a large extent inferiorly by the anterior radiation of the corpus callosum. Its medial 
wall is formed by the lamina of the septum pellucidum, while the lateral wall and the portion of 
the inferior wall bordering upon it is formed by a strong gray eminence, the corpus striatum, 
which projects into the cavity of the ventricle and is one of the large ganglia of the hemisphere 
(see below). Its thickened end lying in the anterior cornu contains the head of the caudate 
nucleus (see below) and is therefore called che head of the corpus striatum. 

The central portion of the lateral ventricle (Figs. 636 and 637) is a narrow, almost horizon- 
tal fissure, which does not lie exactly sagitally, but has its long axis directed from before and medi- 
ally, posteriorly and laterally. Its upper wall is also formed by the callosal radiation (the parietal 
part) and its lower wall is the for the most part poorly developed, original medial wall of this part 
of the cerebral vesicle. On account of the shallowness of the cavity, the side walls cannot be 
distinguished unless it be in the most anterior portion, directly in front of the interventricular 
foramen, where the posterior part of the lamina of the septum pellucidum forms a low, mesial 
wall. In the floor of the central portion there is to be found in the first place, in the anterior part, 
the sickle-shaped interventricular foramen, which leads into the third ventricle and is bounded 
by the columns of the fornix (see page 148). The lateral portion of the floor, so far as one can 
speak of a lateral portion because of the shallowness of the space, is, as in the anterior cornu, 
occupied by the now comparatively thin corpus striatum (that is to say, the caudate nucleus), and 
along its mesial border runs a fairly large, bluish band, the terminal stria, a thickening of the 
ventricular ependyma, below which lies the terminal vein (see page 88), this causing the bluish 
tinge. The terminal stria is the boundary between the thalamus, that is to say, the diencephalon 
and the corpus striatum, that is to say, the telencephalon.* Medial to this, in the floor of the 
ventricle, is a part of the surface of the thalamus, which, however, is not actually a portion of the 
floor, since it belongs to the diencephalon and is covered by a thin plate, the rudimentary medial 
wall of the cerebral vesicle, the so-called lamina affixa, which is firmly adherent to the superior 
surface of the thalamus, passing laterally into the terminal stria and medially into a thin, slightly 
dentate plate, which is continued into the epithelial chorioid lamina. Medial from the thalamus 
in the floor of the ventricle is the chorioid plexus, which is formed mainly by the pia mater and 
contains a plexus formed by its vessels. The ventricular surface of the plexus is covered only 


* Below the terminal stria is the intermediate sulcus, which marks the separation of the thalamus and corpus stria- 
tum, which are fused in this region. 
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by a simple, microscopic epithelial layer, the epithelial chorioidal lamina, which represents the 
medial wall of the cerebral vesicle persisting in its embryonic epithelial condition.* Laterally 
this epithelial lamella becomes the sharpened border of the lamina affixa, the chorioidal tenia, 
and medially it passes over into the border of the fornix, the tenia of the fornix. Medial to the 
chorioid plexus the floor of the central portion of the ventricle is formed by the fornix. 

The posterior cornu (Figs. 637 to 639) has a rather variable length, since its medially 
directed point extends sometimes to a greater and sometimes to a lesser distance from the pole of 
the occipital lobe. Its root is also formed by the callosal radiation and the lateral wall by the 
portion of the radiation known as the fapetwm, while another part of the radiation often forms 
a white projection from the upper portion of the medial wall of the horn, termed the bulb of the 
posterior horn. Below this is a constant rounded projection of the mesial wall known as the calcar 
avis. It is caused by the calcarine fissure, which penetrates deeply into the substance of the 
posterior horn and with its anterior portion directly touches the hippocampus and also the collat- 
eral eminence, both of which structures really belong to the inferior cornu. 

The inferior cornu (Figs. 637, 639 to 641) is bounded laterally by the tapetum, which also 
forms part of the upper wall» It contains the continuation of the lateral chorioidal plexus,} which 
does not extend into the posterior cornu, but presents quite a pronounced enlargement, the chorioid 
glomus, at the junction of the inferior cornu with the central portion of the ventricle, but quickly 
flattens toward the end of the inferior cornu. It forms only part of the medial wall of the ventricle, 
for its epithelial lamina gradually becomes nerve tissue, passing over into the direct extension of 
the teenia of the fornix, into the tenia of the fimbria on the one side, and into the chorioid teenia of 
the terminal stria on the other side, this latter being continued along the tail of the caudate nucleus 
into the mesial wall of the inferior cornu (see page 153). If the chorioid plexus is removed from 
the lateral ventricle the epithelial chorioidal lamina is of course torn from its places of attachment 
and an artificial cleft, the chorioidal fissure, is produced in the medial wall of the inferior cornu 
and in the floor of the central portion of the ventricle. 

The most noticeable structure of the inferior horn lies upon its floor and is the hippocampus 
(also known as the cornu ammonis), a retort-like swelling concave on its medial surface and of 
a white color on its ventricular surface. Its anterior portion is very thick and presents several 
(three to four) digitations and in this region it passes directly into the uncus (hippocampal gyrus). 
Its posterior end is flat and gradually passes into the hippocampal commissure, lying below the 
splenium of the corpus callosum (see page 147). Along its medial concave border and united 
to it runs a white band, the hippocampal fimbria, the decidedly flattened, direct prolongation of 
the crus of the fornix. Its white fibers spread out over the deeper gray substance so that it grad- 
ually but entirely disappears toward the antericr extremity of the horn. 

The hippocampus corresponds on the external surface of the brain to the hippocampal 
sulcus, since the hippocampus is to be regarded as an invagination of the ventricular wall, as 
may easily be recognized in microscopic and even in macroscopic frontal sections (see below). 


* The mesial wall of the vesicle develops but very little nerve tissue in this region, laterally and below only the 
lamina affixa, medially (above) the fornix. Between these two is the purely epithelial chorioidal lamina, throughout 
which there is no development of nerve tissue. 

+ The chorioid plexus is only apparently in the ventricle ; it merely projects into it and is always covered by 
the epithelial ventricular lining. It has the same relation to the ventricle as the intestine has to the peritoneal cavity. 
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In addition to the hippocampus the floor of the inferior cornu presents a strong, flat, triangular 
area, lying between the convex surface of the hippocampus and the calcar avis, and termed the 
collateral trigone ; it corresponds to the collateral fissure of the temporal lobe. Just as this fissure 
and the gyrus lingualis bounded by it (see page 143) belong both to the occipital and to the tem- 
poral lobe, so too the collateral trigone forms a part of the floor of the posterior, as well as of the 
inferior cornu. Its strongest projection, which however is not always very distinct, is termed the 
collateral eminence. 

The dentate fascia of the hippocampus (Figs. 634 and 639 to 641) a very variably developed 
and usually distinctly dentate band, is connected to the hippocampal fimbria medially and is 
largely covered by it; it does not actually lie in the wall of the inferior cornu,* but may be seen 
from the ventricle after removal of the chorioid plexus. It is a rudimentary gyrus belonging to the 
temporal lobe and is a direct continuation of the fascia cinerea (see page 147). Laterally the 
dentate fascia (dentate gyrus) borders upon the hippocampal gyrus, and is located between it 
and the hippocampus itself, as may be seen in frontal sections, in which the hippocampus appears 
as a coiled portion of the ventricular wall (Figs. 642 and 646). 

The white medullary lamina which forms the ventricular surface of the hippocampus is 
called the alveus, and its fibers have their origin in the hippocampal fimbria. The hippocampal 
gyrus, in contrast to the other convolutions, is also covered on its medial surface by a thin white 
layer of fibers, the reticular white substance (of Arnold). ‘This penetrates into the substance of 
the hippocampus and makes its appearance as the rolled-up medial border of the wall of the 
hemisphere even more distinct. 


THE SEMI-OVAL CENTER AND THE GRAY.GANGLIA OF THE HEMISPHERE. 


While the ventricular cavity of the cerebrum, as well as the neighboring large gray ganglionic 
masses, are situated below the level of the corpus callosum, the semi-oval center surrounded by 
the cortical gray substance shows its greatest development in the upper part of the hemisphere 
at the level of the superior surface of the corpus callosum. A horizontal section made through 
this region will show this center (the center of Vieussens) as a large white area surrounded by 
a simple layer of gray cortex (Fig. 635). Its fibers are largely radiations from the corpus callosum, 
but it also contains numerous fiber tracts which are prolongations of those found in the brain 
stem and belong to the so-called corona radiata (see page 178). Finally, it contains also numerous. 
smaller tracts, such as association bundles, etc. (see page 176). 

Masses of gray substance, independent of the gray cortex, occur in the deeper parts of each 
cerebral hemisphere in the form of large ganglia. There are four of these which are all close 
together, the first three especially so: 1. The caudate nucleus; 2, the lenticular nucleus; 3, the 
claustrum; 4, the amygdaloid nucleus, which last has but slight relations to the other three. 

The caudate nucleus (Figs. 641 to 646, 674, and 675) is an elongated, curved ganglion, remark- 
ably enlarged at its anterior extremity and constitutes the medial main portion of the corpus 
striatum, Its most anterior, thickened portion is the head and forms the projection of the corpus 
striatum into the anterior horn of the lateral ventricle (head of the corpus striatum, see page 


* The dentate fascia is really extraventricular, since the tenia of the fimbria becomes continuous with the epithelial 
lamina. The cavity of the ventricle is closed by the epithelial lamina above the dentate fascia. 
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150); it is situated in the frontal lobe and bends anteriorly and downward. The middle por- 
tion of the retort-like ganglion is decidedly convex upward and is the body ; it is located in the 
parietal lobe and also causes a corresponding bulging of the wall of the central portion of the 
lateral ventricle (the body of the corpus striatum). ‘The very slender tail bends posteriorly and 
downward in the temporal lobe and does not form any protuberance in the ventricular wall. On 
account of the great curvature of the nucleus the tip of the tail lies only a short distance from 
the posterior end of the head, although on a lower plane. 

The lenticular nucleus (Figs. 641 to 646, 674, and 675) constitutes the lateral portion of the 
corpus striatum, and in contrast to the caudate nucleus it does not reach to the ventricular wall, 
but lies between the thalamus and caudate nucleus on the medial side and the insula laterally, 
and is below the level of the floor of the central portion of the ventricle. Its shape is that of a 
three-sided prism with curved surfaces and its length is about twice its width. Jn a frontal section 
it appears as an equilateral triangle while in horizontal section it is a scalene triangle. Its longest 
side is the lateral convex one which faces the insula and is separated from it not only by the claus- 
trum, but also by the external capsule (see below). The anterior mesial surface is shorter than 
the posterior one and is almost straight; it is separated by the anterior limb of the internal capsule 
from the tail of the caudate nucleus. The posterior mesial surface is in relation to the thalamus 
and partly also to the hypothalamus and tail of the caudate nucleus * from which it is separated 
by the posterior limb of the internal capsule. 

The lenticular nucleus lies in the curvature of the caudate nucleus in such a manner that the 
internal capsule incompletely separates the two nuclei, which together form the corpus striatum, 
and the lower end of the head of the caudate nucleus passes directly over into the anterior end of 
the lenticular nucleus, the internal capsule being lacking in this region. Below this nucleus is 
the anterior perforated substance, the anterior commissure and a portion of the brain stem. The 
substance of the nucleus is divided into three parts, two smaller medial and a large lateral portion, 
by fine medullated laminz, running almost sagittally and readily distinguishable in a fresh brain 
on account of their color. The lateral portion, which surrounds the other two as with a mantle, 
is called the putamen; it is of a decidedly darker gray color than the other two parts, which together. 
are known as the globus pallidus. 

The clausirum (Figs. 641 to 646, 674, and 675) is a narrow, almost vertical, thin plate of gray 
substance which lies close to the lateral convex surface of the putamen. From this it is separated 
by a thin plate of medullated fibers, the external capsule, while with its opposite (lateral) surface, 
it is in immediate relation with the convolutions of the insula. The surface is slightly dentated 
in correspondence with the surface form of the insular convolutions, from whose gray cortex the 
claustrum is separated only by a narrow band of white substance. 

The amygdaloid nucleus (Fig. 644) is a rounded mass of gray substance lying in the anterior 
end of the temporal lobe in the vicinity of the uncus, in front of the anterior end of the inferior 
cornu of the lateral ventricle. It is united with the gray substance of the temporal lobe and lies 
below the anterior end of the lenticular nucleus, from which it is separated by a prolongation of 
the external capsule. 


* The lenticular nucleus is a part of the telencephalon, while the thalamus belongs to the diencephalon. The two 
parts, however, are united by the fibers of the internal capsule (see page 154). 
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Fic. 640.—A transverse section of the anterior extremity of the temporal lobe after opening the inferior 
horn (as in Figs. 638 and 639). View from behind and from above. 
Fic. 641.—A frontal transverse section of the temporal lobe and of the contiguous portions of the inter- 
brain and midbrain. 
The pia mater with the blood-vessels has been retained. * = A small arterial twig. 
Fic. 642.—An anterior view of a section of the brain in the plane of the cerebral peduncles. 
The section through the left cerebrum is more posterior than that through the right. 
Fic. 643.—A frontal section of the brain in the region of the anterior portion of the septum pellucidum. 
The anterior cut surface is viewed from behind. 
Fic. 644.—A frontal section of the brain in the region of the anterior commissure. 
The anterior cut surface is viewed from behind. 


The broad white layer of fibers, lying between lenticular nucleus on one side and the caudate 
nucleus and thalamus on the other (see above) is known as internal capsule. In it may be recog- 
nized two limbs, which unite at an angle in the horizontal plane. The anterior limb or frontal 
portion lies between the head of the caudate nucleus and the anterior medial surface of the lentic- 
ular nucleus; the posterior limb or occipital portion is between the posterior medial surface of the 
lenticular nucleus and the thalamus. At the place of junction of the two limbs a right or slightly 
obtuse angle, open laterally, the genu of the internal capsule, is formed.* 

The portion of the hemisphere which contains the large ganglia of the corpus striatum and 
the claustrum, and whose surface bears the insular convolutions, is termed the peduncular portion, 
or it is the direct continuation of the brain stem and especially of the mesencephalon. The 
whole corpus striatum (caudate nucleus and lenticular nucleus), therefore, is known as the basal 
ganglion and the insular convolutions, in contrast to the gyri of the pallium, as the basal gyri. 


‘THE OPTIC PORTION OF THE HYPOTHALAMUS. 


To the optic portion of the hypothalamus (Figs. 624, 644, 645, and 647 to 649), which repre- 
sents the unpaired portion of the telencephalon, belong: 1, The lamina terminalis; 2, the optic 
chiasma with the optic tracts; 3, the twber cinerewm; 4, the infundibulum; 5, the hypophysis. 

The lamina terminalis (Figs. 624, 647, and 648) is a very thin lamina, ascending almost 
vertically in front of the optic chiasma and forming the anterior wall of the third ventricle. Before 
the complete development of the cerebral vesicle it represented the anterior end of the telenceph- 
alon (see page 125). Above, it passes over into the rostral lamina of the corpus callosum, laterally 
into the hemispheres and, with the optic chiasma, it forms the optic recess of the third ventricle. 

The optic chiasma (Figs. 624, 644, 647 to 649) is a flattened, white, quadrangular body, 
from whose anterior inferior angles the optic nerves arise, while from its posterior upper ends 
the optic tracts extend posteriorly and laterally, so that it is the central portion of a St. Andrew’s 
cross (X). The flat optic tracts run along the medial posterior border of the anterior perforated 
substance toward the metathalamus (see page 158). 

The tuber cinereum (Figs. 630, 647 to 649) is a large, convex elevation lying in the floor of 

* A part of the internal capsule lies also between the lenticular nucleus and the hypothalamus. This is, therefore, 


termed subthalamic region of the internal capsule in contrast to the thalamic region, which is the main portion between 
the thalamus and the lenticular nucleus. 
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the third ventricle and is formed by a thin soft plate which anteriorly passes directly into the 
lamina terminalis and posteriorly is continued downward as a funnel, called the infundibulum. 
In addition to gray substance it has also transverse fiber tracts such as the inferior (Gudden’s) 
commissure running just behind the optic chiasma and the large swpertor (Meynert’s) commissure. 

The injundibulum (Figs. 624, 645, 647 to 649) is a hollow prolongation of the gray substance 
of the tuber cinereum directed anteriorly and downward, and passes over into the posterior lobe 
of the hypophysis. Its cavity is called the zjundibular recess and is a prolongation of the third 
ventricle. 

The hypophysis (Figs. 623, 624, and 648) is a flattened, spherical, grayish-red body which is 
attached to the base of the brain only by the infundibulum, being otherwise quite free. It lies 
in the hypophyseal fossa in the sella turcica of the sphenoid, is flattened anteroposteriorly, 
and is about as large as a medium-sized bean. It consists of two parts which are quite different 
in color and structure, but are closely united and are called the Jobes. Only the smaller posterior 
lobe is a part of the brain; the larger anterior lobe is formed from the epithelium of the primitive 
oral sinus (see Vol. II., page 21), which has no nervous constituents. 


THE DIENCEPHALON. 


The diencephalon (Figs. 637, 639, 642 to 646, 648, 674, and 675) includes the boundaries 
of the greater portion of the third ventricle, namely, the mammillary portion of the hypothalamus 
and the thalamencephalon. The latter is again divided into thalamus, epithalamus, and meta- 
thalamus. 

The third ventricle (Figs. 624, 637, 642, and 644 to 648) does not lie entirely in the 
diencephalon since its lower portion is bounded by the hypothalamus and, therefore, really 
belongs to the telencephalon; the greater portion of it, however, belongs to the diencephalon. It 
is unpaired and has,the form of a sagittal fissure, being exceedingly narrow from side to side. In 
its anterior portion it is in communication on either side with the lateral ventricles by the interven- 
iricular foramen, and posteriorly it is continuous with the cavity of the mesencephalon, the cerebral 
aqueduct. Its greatest width is in its posterior portion and even here it is but slight; anteriorly, 
the ventricle is much higher than posteriorly. 

The lateral walls of the third ventricles are formed on either side by the medial surfaces of 
the optic thalamus and hypothalamus. These two regions are separated by an almost horizontal 
groove, running from the vicinity of the interventricular foramen to the entrance of the aqueduct 
and known as the hypothalamic sulcus (sulcus of Monro). The anterior wall of the ventricle is 
formed below by the lamina terminalis and higher up by the rostral lamina of the corpus callosum 
and the anterior commissure, which appears for a short portion of its course as a rounded bundle 
in the anterior wall of the third ventricle, lateral to which are the columns of the fornix. The floor is 
formed anteriorly by the optic chiasma, more posteriorly by the hypophysis with the infundibulum, 
which are portions of the optic portion of the hypothalamus, while the most posterior portion is 
formed by the mammillary portion of the hypothalamus with the corpora mammillaria and the 
posterior perjorated substance.* The posterior wall presents the entrance to the cerebral aqueduct, 
and above it is the epithalamus, composed of the posterior commissure, the habenula and the pineal 


* The anterior parts of the cerebral peduncles also take part in the boundary of the third ventricle. 
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Fic. 645.—A frontal section of the brain through the anterior extremity of the third ventricle just behind 
the anterior commissure. 

The anterior cut surface is viewed from behind. 

Fic. 646.—A frontal section of the brain through the middle of the third ventricle. 

The anterior cut surface is viewed from behind. 

Fic. 647.—The structures at the base of the brain (somewhat enlarged). 

The anterior extremities of both temporal lobes have been removed, the optic nerves cut off close to the chiasma, 
and a piece of the left optic tract removed. Upon the left side the emerging roots of the nerves have been left im situ ; 
upon the right they have been removed. 

Fic. 648.—A median cae of the human ben without the hemispheres. 
* — Tuber cinereum. = Tela chorioidea. -+ = Chorioid plexus of fourth ventricle. 


body. The roof is epithelial in character, being represented by an epithelial chorioidal lamina 
and a tela chorioidea. Here, as in the neighboring medial surfaces of the cerebral vesicles, no 
formation of nerve tissue takes place, but instead the epithelial covering of the ventricle lies close 
to the inferior surface of the pia mater which occupies the transverse fissure. It is this double 
leaflet of pia mater lying between the inferior surface of the corpus callosum and fornix on one 
side and the superior surface of the diencephalon on the other, that is to say, lying in the trans- 
verse cerebral fissure, that forms the tela chorioidea of the third ventricle. Since it occupies the 
whole breadth of the fissure, it is closely connected, laterally, with the chorioid plexus of the lateral 
ventricle. Its ventral lamina forms short villus-like processes covered by the epithelial lamina 
and projecting into the cavity of the third ventricle, forming its chorioid plexus. The epithelial 
lamina of the tela chorioidea is attached on either side to a sharp, often slightly dentate border 
of the thalamus, the tenia thalami, passing over along this line into the lateral wall of the ventricle, 
which consists of nerve tissue. Between the two laminz of the tela chorioidea the internal cerebral 
veins have their course, uniting posteriorly (see page 88) to form the great cerebral vein. 

In the cavity of the third ventricle a number of diverticula known as recesses occur. In 
the first place the optic chiasma projects dorsally in the deepest portion of the floor in such a 
manner as to divide it into the anterior oplic recess, lying between the lamina terminalis and the 
chiasma, and the more posterior injundibular recess, lying in the tuber cinereum and infundibu- 
lum. Furthermore, between the diverging free portions of the columns of the fornix and the 
anterior commissure, there is a usually shallow evagination of the anterior wall, known as the 
triangular recess, and two evaginations occur in the region of the epithalamus. One of these, 
the pineal recess, extends to the pineal gland, the other, the swprapineal recess, is above it in the 
posterior portion of the epithelial chorioidal lamina, which bounds it superiorly. Finally, the 
cavity of the third ventricle gradually goes over into the cavity of the mesencephalon through 
the opening of the cerebral aqueduct. 


‘THE THALAMENCEPHALON. 


The thalamencephalon is formed largely by the thalamus, from which it derives its name, 
but partly also by the structures of the epithalamus (the pineal body and pineal stalk) and the 
geniculate bodies of the metathalamus. 

The thalamus (optic thalamus) (Figs. 634, 636 to 638, 645, 646, 648, 650, 660, and 674) is an 
elongated, oval body with a flattened medial surface, whose anterior portion is the smaller, 
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and the posterior and lateral portion the broader end of the oval, its axis, therefore, running 
from an anteromedial to a posterolateral direction. Its upper surface is covered by a mass 
‘of white substance, the stratwm zonale, and partly forms the floor of the central portion of the 
lateral ventricle; that is to say, the substance of the thalamus does not actually do this, but the 
lamina affixa (see page 150) which covers it. The anterior smaller end of the thalamus shows a 
variably developed thickening, the anterior thalamic tubercle, which, with the columns of the 
fornix, bounds the interventricular foramen, while the posterior broader part, which extends far 
beyond the posterior end of the third ventricle and forms the posterior portion of the thalamus, 
is called the pulvinar (posterior tubercle). The mesial surface forms the greater portion of the lat- 
eral wall of the third ventricle (see above) and is gray in color, and usually the medial surfaces of 
the two thalami are united by a soft, rather flattened mass of gray substance, the intermediate 
mass (middle or soft commissure); otherwise the two surfaces are separated by the narrow space 
of the third ventricle. At the line of transition of the upper wall of the thalamus into the medial, 
that is to say, along the upper border of the medial wall there is a distinct white band, which 
goes over into the habenular trigone posteriorly and is termed the medullary stria; to it is attached 
the epithelial chorioidal lamina in the form of the tenia thalami. The separation of the plane 
or slightly concave medial surface of thalamus from the hypothalamus is marked by the hypothala- 
mic sulcus (sulcus of Monro) (see above), and similarly, the siria terminalis marks the boundary 
between the upper and lateral surfaces. 

The remaining surfaces of the thalamus, namely, the lateral and inferior, and also the posterior 
portion of the medial, are not free, but are fused with the surrounding structures. The lateral sur- 
face and a part of the anterior portion is fused with the telencephalon by the fibers of the internal 
capsule, by which they are separated from the lenticular and caudate nuclei. The lower ventral 
surface comes into relation with the tegmentum of the brain stem and with the hypothalamus. 

The thalamus contains, below the white surface, a number of nuclei which are not sharply 
outlined, but are separated from one another by medullary lamine (internal). Three main 
nuclei are recognized: (1) The anterior nucleus, which lies in the anterior dorsal portion and cor- 
responds to the anterior tubercle; (2) the medial nucleus, larger than the anterior one and lying 
near the medial surface of the middle and posterior portion of the thalamus; and (3) the /ateral 
nucleus, generally the largest of the three, forming the lateral portion of the thalamus and extend- 
ing from the region of the anterior nucleus to the pulvinar. 

In addition to these three main nuclei, a few smaller ones also occur. The lateral surface of the lateral nucleus 
is covered by a white external medullary lamina and by a thin layer of gray substance, the reticular stratum, and by these 
it is separated from the internal capsule. 

The epithalamus (Figs. 624, 637, 648, 650, and 660) is formed largely by the pineal body 
or epiphysis. ‘This is a flattened, pear-shaped body which lies below the splenium of the corpus 
callosum in the transverse cerebral ficsure. Its base is in front and is connected with the dien- 
cephalon through the habenula; the apex lies posteriorly and hangs freely down over the corpora 
quadrigemina of the mesencephalon, enclosed by pia mater and united to the tela chorioidea of 
the third ventricle.* The pineal body is connected with the diencephalon by the posterior com- 


* In the anterior part of the upper surface of the pineal body the chorioidea is not firmly adherent, but is separated 
by the suprapineal recess (see page 156). 
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Fic. 649.—The roots of the optic nerves. 

The brain stem has been removed by a transverse section through the superior colliculus. The cut surface is 
exposed to view. 

Fic. 650.—The thalami, the epithalamus, the lamina quadrigemina, and the rhombencephalon, as seen 
from behind and above, after the removal of the larger portion of the cerebellum. 

The corpus striatum, the thalami, and the third ventricle have been exposed by the removal of the corpus callosum, 
the fornix, and the tela chorioidea of the third ventricle. Upon the right side all of the cerebellum except the flocculus 
has been removed; upon the left side all but a portion of the medullary substance and of the hemisphere. The tela cho- 
rioidea of the fourth ventricle has been divided in the median line and reflected upon the right side. 


missure and also by the two habenule. ‘These are white bands, which are the continuations 
of the medullary strie of the thalamus, and unite at the upper border of the pineal recess to form 
a triangular plate, the habenular trigone,* whose floor is formed by a gray lamina, the commissure 
of the habenule, emerging from the substance of the pineal body, and forming the wall of the 
cavity of the pineal stalk, the pineal recess. Lime concretions known as acervulus or brain sand 
occur in the pineal body. 

The posterior commissure (Figs. 624, 637, and 648) is a bundle of transverse fibers which 
projects into the third ventricle below the pineal body in such a manner as to bound the pineal 
recess inferiorly. Laterally, the commissure is lost in the walls of the thalamus. 

The metathalamus (Figs. 650, 660, and 661) includes the two geniculate bodies which 
are white elevations and are known as the medial and the lateral geniculate body. The former 
is an elongated, round elevation behind the pulvinar of the thalamus; the latter is a fairly large 
thickening of the posterior lateral portion of the pulvinar itself. The two bodies are separated 
by a furrow and are in close connection with the optic tract and mesencephalon, and in each 
is a gray nucleus, the nuclei of the medial and lateral geniculate bodies. 

From the geniculate bodies the optic tract arises (see page 154) by two roots, the medial 
root coming from the region of the medial geniculate body, and the broader lateral root not only 
from the lateral geniculate body, but also from the pulvinar of the thalamus. At their origins 
the optic tracts, especially the stronger lateral one, are very flat and broad, but as they curve 
around the brain stem they become narrower and thicker. 


THE MAMMILLARY PORTION OF THE HYPOTHALAMUS. 

The portion of the hypothalamus which lies behind the thalamus and belongs to the dien- 
cephalon, the mammillary portion (Figs. 624, 625, 635, 643, 647 to 650) in other words, receives 
its name from the two corpora mammillaria (candicantia), which form its main substance. These 
are two quite prominent, rounded or elongated eminences of the base of the brain, lying one on 
either side of the median line. They are separated from one another by a deep median fissure 
and are very conspicuous on account of their pure white color, which contrasts with the gray 
color of the tuber cinereum lying in front of them. Anteriorly and laterally, they are not very 
sharply bounded; the occasionally distinct connections which they may show with the lateral 
border of the tuber cinereum and the anterior perforated substance are called the brachia of the 
mammillary bodies. Each body contains two nuclei, the nuclei of the mammillary bodies (medial 
and lateral). 


* In the habenular trigone there is also a small nucleus, the kabenular ganglion. 
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The mammillary portion of the hypothalamus also presents, in addition to the corpora mam- 
millaria, a number of structures not visible on the external surface, but lying beneath the 
ependyma of the third, ventricle. In the first place there is the covered portion of the columns of 
the fornix (see page 148), which extend down to the mammillary bodies, and from the bodies 
other fiber tracts pass off, which can be partly seen after removal of the covering ependyma. 
These are the ¢halamo-mammillary fasciculus or bundle of Vicq d’Azyr, which arises as a thick, 
almost *ylindrical mass from the medial ganglion, and courses upward and medial, to terminate 
in the anterior nucleus of the thalamus; and the peduwnculo-mammillary fasciculus, which arises 
from the lateral nucleus and passes to the cerebral peduncle, its basilar portion to the base of the 
peduncle, and its ¢egmented portion to the tegmentum. Furthermore, this part of the hypothalamus 
possesses a gray, almond-shaped nucleus lying below the thalamus and above the tegmentum of 
the cerebral peduncles, the nucleus of Luys or hypothalamic nucleus, while the remaining gray 
substance of the hypothalamus is known as the gray portion of the hypothalamus. 


THE MESENCEPHALON. 


The mesencephalon (Figs. 624, 637, 647, and 652) is the smallest of the main divisions of 
the brain and undergoes the fewest changes during development (see page 125), its walls thicken- 
ing very evenly, so that its cavity, the cerebral (Sylvian) aqueduct, is the narrowest part of the ven- 
tricular system of the brain and at the same time the only part whose walls are throughout 
composed of nerve tissue. Its dorsal portion is the lamina quadrigemina, the thicker ventral 
portion the cerebral peduncles, and the portion between these latter, the inierpeduncular fossa. 
On the lateral surface are the brachia quadrigemina. 

The cerebral aqueduct passes longitudinally through the mesencephalon lying above its 
axis. It begins at the opening of the aqueduct where, with its anterior upper end, it opens 
into the third ventricle, and it ends below and posteriorly in the fourth ventricle. Its axis is, 
therefore, oblique from anteriorly and above to posteriorly and inferiorly, and it is about 14 cm. 
in length and varies considerably in diameter, being in the middle of its course almost heart- 
shaped and at the two ends more triangular, or even '-shaped. Enclosing the aqueduct is a mass 
of gray substance known as the central gray stratum, in whose ventral portion, in the region of 
the anterior corpora quadrigemina, is the nucleus of the oculomotor nerve, and further back, the 
nucleus of the trochlear nerve. 

In addition to the nucleus of the descending root of the trigeminus, which has its origin in the 
mesencephalon, there are in the lateral portions of the central gray stratum a number of smaller 
nuclei, e. g., the nucleus of the posterior commissure and that of the medial longitudinal bundle. 


‘THE CORPORA QUADRIGEMINA. 

The corpora quadrigemina (Figs. 624, 637, 648 to 650, 660, and 661), which form the dorsal 
portion of the mesencephalon, are white on their superior surfaces and lie below the splenium of 
the corpus callosum and the pulvinares of the thalami, and forma plate, the Jamina quadrigemina, 
upon whose anterior portion the pineal body rests. This lamina, as its name implies, is divided 
by a cruciform fissure into four eminences, of which the anterior larger but flatter pair is known as 
the superior, and the posterior smaller one as the inferior colliculus ; the width of both colliculi is 
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about the same, but the anterior ones are longer than the posterior. From the fissure between 
the posterior pair the frenulwm oj the anterior medullary velum has its origin, but at its anterior 
edge the lamina becomes very thin and without any sharp line of demarcation passes over into 
the posterior commissure of the third ventricle. 

The brachia quadrigemina (Figs. 650, 660, and 661) extend from the colliculi to the region 
of the metathalamus and also to the thalamus. From each of the superior colliculi, the 
superior brachium quadrigeminum passes laterally and penetrates the substance of the thala- 
mus close to the medial geniculate body, while the more distinct and larger inferior brachium 
passes from the inferior colliculus along the lateral border of the superior colliculus toward the 
lateral geniculate body and posterior end of the thalamus, where it also is gradually lost in the 
substance of the thalamus. 

The cerebral peduncles (Figs. 630, 642, 647 to 650, and 661), which form the ventral surface 
of the mesencephalon, are two diverging broad white bands lying almost concealed at the base 
of the brain and having an almost semicylindrical shape. They diverge at their exit from the 
anterior border of the pons, from which they are separated by a transverse fissure, and course 
anteriorly, laterally, and superiorly into the substance of the prosencephalon, thus forming the 
connection between cerebrum and brain stem. ‘The optic tract passes below the anterior portion 
of the cerebral peduncle, and the hippocampal gyrus with its uncus covers it when the base of 
the brain is viewed from the side. 

The medial boundary of the cerebral peduncle, 7. e., its line of separation from the inter- 
peduncular fossa (see below), is formed by the sulcus of the oculomotor nerve, which runs parallel 
to the medial border of the peduncle. From it the roots of the third or oculomotor nerve emerge. 
Laterally the peduncle is separated from the lateral portion of the mesencephalon by the lateral 
mesencephalic sulcus.* The white surface of the peduncle exposed at the base of the brain is 
distinctly furrowed longitudinally. 

In the angle between the two cerebral peduncles, which is bounded anteriorly by the corpora 
mammillaria, the inferior surface of the mesencephalon shows a deep triangular groove, the znler- 
peduncular fossa (fossa of Tarini). Its floor is formed by the posterior perforated substance, which 
is gray at the base of the brain, but internally is largely composed of nerve fibers and thus is a 
whitish plate; it derives its name from being penetrated by numerous blood-vessels passing into 
the base of the brain. It extends from the anterior border of the pons to the corpora mammillaria, 
unites both peduncles, and by its upper anterior surface forms a portion of the floor of the third 
ventricle. It deepens toward the corpora mammillaria to form the anterior recess, and toward 
the pons to form the posterior recess. 

The lateral surface of the mesencephalon, which lies between the lateral border of the lamina 
quadrigemina and the lateral mesencephalic sulcus, is formed in its upper portion of the brachia 
quadrigemina, and a little lower the tegmentum of the peduncle borders on this surface. 

In contrast to the cerebrum, where, except in a few places (parts of the thalamus, hippo- 
campus), one finds a quite regular distribution of the gray and white substances, the mesen- 
cephalon and also the whole brain stem shows a much more complicated arrangement, different 


* These two sulci bound only the foot of the peduncle, which is all that is visible at the base of the brain. The 
tegmental portion of the peduncle lies above the lateral sulcus. 
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cross-sections of it showing a very varying distribution of the fiber tracts and gray nuclei, a con- 
dition depending largely upon the occurrence in these portions of the brain of the nuclei of the 
various cranial nerves.on the one hand,* and on the other the paths which pass from the spinal 
cord to the brain and vice versa, to which still other gray nuclei and shorter paths are added 
(for instance, from the cerebellum). ‘The relation of these parts can be best studied in cross- 
sections of the mesencephalon. 

In such sections (Figs. 651 and 652) one sees dorsal to the cerebral aqueduct a section of 
the lamina quadrigemina, ventrally a section of the cerebral peduncles united, in the region of 
the tegmentum, above the interpeduncular fossa. The lamina shows white substance on its 
surface, the stratwm zonale, but below this lies-gray substance, which, in the region of the superior 
colliculi, is distributed rather diffusely, forming the gray stratum oj the superior colliculus, while 
in the posterior colliculi it forms a more circumscribed nucleus, the nucleus of the inferior colliculus. 
Below the gray layer there is a mass of white fibers which separates the corpora quadrigemina 
from the central gray stratum of the cerebral aqueduct, this is the deep white stratum. 

Much more complicated in structure is the larger portion of the mesencephalon, which 
lies below the cerebral aqueduct in the region of the cerebral peduncles. Here in the fresh 
brain a dark gray substance, almost semilunar in shape, the substantia nigra, can be seen. It 
separates + the base of the peduncle from the tegmentum, its concavity facing the latter. The 
base of the peduncle, lying below this mass, consists exclusively of medullated nerve fibers and 
is, therefore, of a pure white color and is semilunar in form in cross-sections. The masses of 
fibers form bundles, from which the furrows on the surface of the peduncle have their origin. 

The tegmentum is the upper portion of the peduncle and lies above the substantia nigra. 
Superiorly it passes over without demarcation into the hypothalamic region and, below the aque- 
duct, the tegmenta of opposite sides are united. In this region the fiber tracts lying the furthest 
medially cross, forming the decussation of the tegmenta. ‘The tegmentum itself consists of longitu- 
dinal, stronger and weaker fiber tracts, between which separate gray nuclei are situated. The 
largest of the latter is the red nucleus of the tegmentum, lying in the region of the anterior pair 
of corpora quadrigemina; it is circular in cross-section, is of a reddish color in the fresh brain, 
and lies close to the median plane, that is to say, in the medial half of the tegmentum. In addition 
to smaller nuclei, those of the trochlear and oculomotor nerves mentioned above and lying in 
the ventral portion of the central gray stratum, belong to the tegmentum. The root fibers of the 
latter partly traverse the substance of the red nucleus and have their exit at the sulcus of the 
oculomotor nerve. Later. to these nuclei is the reticular formation, a mixture of small groups 
of ganglion cells and nerve fibers. 

The fiber tracts of the tegmentum originate largely in the brachia conjunctiva (Fig. 652), 
which enter the posterior portion of the tegmentum. Here, behind the red nucleus, they form 
the decussation of the brachia conjunctiva. Furthermore, the medial longitudinal fasciculus 
(see page 184) appears as a special path in the white substance of the tegmentum, just below the 
central gray stratum (between it and the red nucleus) and close to the median line; it courses up 


* With the exception of the optic and olfactory nerves, which differ in their relation from the other cerebral nerves. 
} The substantia nigra, accordingly, extends between the sulcus of the oculomotor nerve and the lateral sulcus 
of the mesencephalon. 
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Fic. 651.—A cross-section of the mid-brain in the region of the superior colliculus. (Enlarged 4 times.) 
Fic. 652.—A cross-section of the mid-brain in the region of the inferior colliculus. (Enlarged 4 times.) 

The somewhat obliquely directed section in Fig. 652 has also included a portion of the superficial layer of the pons. 
The specimens have been prepared with Weigert’s stain for the medullary sheaths. White matter (nerve fibers), dark ; 
gray matter, clear. : 


from the medulla oblongata to the region of the hypothalamus, where it comes into relation with 
its nucleus mentioned above (page 159). The lemmniscus also comes into consideration (see page 
173). Itlies lateral to the red nucleus and the decussation of the brachia conjunctiva and consists 
of the lateral lemniscus, a path of auditory fibers running to the geniculate body, and the medial 
lemniscus, going to the thalamus. The descending root of the trigeminus, which is connected 
with the nucleus mentioned above, can also be recognized as a special path in the dorsal portion 
of the tegmentum, lateral to the central gray stratum. 

A small ganglion, known as the interpeduncular ganglion, lies on the floor of the similarly 
named fossa in the posterior portion of the posterior perforated substance. 


‘THE RHOMBENCEPHALON. 


THE RHOMBENCEPHALIC ISTHMUS. 


The rhombencephalic isthmus (Figs. 648, 650, 660, and 661) is that portion of the rhomben- 
cephalon which forms the connection with the mesencephalon. It includes the brachia conjunctiva, 
the trigone of the lemniscus, and the anterior medullary velum. ‘These parts form the dorsal and 
lateral portions of the isthmus, its ventral portion is formed by the most anterior portion of the 
floor of the rhomboidal fossa (see page 170), and its cavity is the portion of the fourth ventricle 
which follows immediately upon the cerebral aqueduct. 

The brachium conjunctivum (Figs. 650, 652, 655 to 659, and 660 to 661) (of the cerebellum) 
unites on either side the cerebellum and mesencephalon, whence it has been spoken of as the 
cerebellar crus to the corpora quadrigemina or to the cerebrum. Each is an oval bundle, and 
the two diverge backward and downward toward the cerebellum almost touching one another at 
their anterior ends, where they sink beneath the inferior coluculi into the tegmentum of the 
cerebral peduncle, while posteriorly they enter:the cerebellum through the transverse cerebellar 
fissure. Here the brachia come in close’contact with the brachia pontis* and form by their 
inferior anterior surfaces a part of the roof of the fourth ventricle. 

Between the two brachia conjunctiva a thin white lamina, the anterior medullary velum, 
is stretched. It is triangular in form, consists of nerve fibers, among others, of the fibers of the 
trochlear nerve, which decussate in it, and below and posteriorly it passes over into the medullary 
mass of the vermis of the cerebellum (see page 165). Its ventral (anterior, inferior) surface, 
together with the brachia conjunctiva, bounds the anterior part of the fourth ventricle above, its 
dorsal surface is largely fused with the lingula of the vermis which lies upon it, and anteriorly 
a narrow gray strip, known as the jrenulum oj the anterior medullary velum (valve of Vieussens), 


* In the groove between the brachium conjunctivum and the brachium pontis, which appears as a sort of extension 
of the lateral mesencephalic sulcus, some distinct fiber tracts often make their appearance on the surface and are known 
as lateral fila of the pons. They pass along the anterior border of the pons. 
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on either side of which the trochlear nerve has its origin, is continued forward to the quadrigeminal 
plate. 

On the lateral surface of the rhombencephalic isthmus is a triangular area, the irigone oj 
the lemniscus (Fig. 661), bounded laterally by the lateral mesencephalic sulcus, which separates 
it from the cerebral peduncle, medially by the lateral border of the upper portion of the brachium 
conjunctivum, and anteriorly by the inferior quadrigeminal brachium. It contains the lemniscus 
(see page 173), which is superficial in this part of its course and enters the mesencephalic teg- 
mentum lateral to the brachum conjunctivum. It is distinguishable from the pure white bra- 
chium by its somewhat grayish color. 


THE METENCEPHALON. 
‘THE CEREBELLUM. 


The cerebellum (Figs. 623, 624, 647, 648, and 653 to 658) is a specially marked portion of 
the whole brain, not only on account of the form of its surface but also because of its internal 
structure and comparatively isolated position. According to its development it belongs to the 
rhombencephalon and it consists of two hemispheres, the main lateral divisions, united by a 
median unpaired mass, the vermis. 

The shape of the whole cerebellum is that of a transverse ellipsoid. Since it is united to the 
brain stem alone, and to this only by the three cerebellar peduncles (the brachia conjunctiva, 
brachia pontis, and the restiform bodies), its surfaces are everywhere free and for the most part 
convex. One main surface looks upward and at the same time backward and is moderately 
convex, but in such a manner that the vermis, which here passes over into the hemisphere without 
any line of demarcation, is the most prominent portion of the surface, resembling the ridge of 
alow roof. This surface of the cerebellum is separated from the adjacent portion of the cerebral 
hemispheres by the tentorium cerebelli (see page 189). The most anterior end of the vermis 
extends almost to the splenium of the corpus callosum and to the lamina quadrigemina. 

The second main surface of the cerebellum looks downward and is largely visible on the 
uninjured base of the brain (see page 132); it rests upon the floor of the posterior cranial fossa. 
The hemispheres are more convex on this surface than on the upper one, and below the inferior 
vermis, which is sharply defined, there is a broad shallow invagination, the vallecula of the cere- 
bellum, in which the medulla oblongata rests. 

The two main surfaces of the cerebellum unite laterally and posteriorly in strongly convex, 
rounded borders. Anteriorly and posteriorly these borders present concavities, known as anterior 
and posterior notches; the latter passes over into the vallecula of the cerebellum. Since the 
upper and lower surfaces of the hemispheres meet posteriorly and laterally in a rounded-off acute 
angle, a posterior surface of the cerebellum cannot be distinguished. An anterior can be recog- 
nized, however, in whose middle portion the cerebellum is united with the brain stem, while its 
lateral portions are freely exposed at the base of the brain. The more median portion is trans- 
versely depressed between the cerebellar peduncles of either side and the anterior portion 
(nodule) of the inferior vermis, which forms the floor of the vallecula. This depression is known 
as the transverse cerebellar fissure and its inferior boundary is, in addition to the nodule of the 
vermis, the posterior medullary velum (see below). 
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Fic. 653.—The cerebellum viewed from above and behind. 
Fic. 654.—The cerebellum viewed from below. 
Fic. 655.—The anterior aspect of the cerebellum (divided from the brain-stem). 
Fic. 656.—The inferior aspect of the cerebellum. 
All of the brain-stem except the anterior portion of the pons has been removed by a curved incision passing through 
the pons. The tonsils and the contiguous portion of the biventral lobe have been removed to show the nidus avis. 


The surface of the cerebellum is formed of gray substance which is divided off into separate 
small convolutions by the cerebellar sulci, which are more or less deeply penetrating, narrow, and 
generally parallel furrows. The surface of these cerebellar gyri is covered by the cerebellar cortical 
substance, which differs from that of the cerebrum in its microscopic structure.* The sulci and, 
accordingly, also the gyri have almost without exception a horizontal or at the most a slightly 
oblique course, and deeper sulci separate several small groups of gyri, called cerebellar lobules. 
The various lobules, which differ greatly in size, and the gyri also have as their central substance 
delicate medullary lamine (see page 165). Gyri as well as sulci and even lobes pass without inter- 
ruption from the hemisphere to the vermis, especially on the superior surface, nevertheless the 
lobules of the hemispheres have different names and also a different form from those of the vermis. 

The Cerebellar Hemisphere.—Each cerebellar hemisphere (Figs. 653 to 658) is divided 
into a superior and inferior surface by the horizontal sulcus, which runs horizontally along the 
rounded lateral border. Larger sulci divide the superior surface into four lobules, which from 
before backward are: 

1. The vinculum of the lingula (Fig. 655), consisting only of a few flat convolutions, which 
are the lateral prolongations of the lingula of the vermis, resting upon the anterior medullary 
velum, and extending toward the posterior portion of the brachium pontis. 

2. The ala of the central lobule (Fig. 653), also consisting of but few gyri, which prolong the 
central lobe of the vermis laterally and lie along the anterior cerebellar notch. 

3. The quadrangular lobule (Fig. 653), forming the main portion of the superior surface 
of the hemisphere, and, since it corresponds to the culmen and declive of the monticulus of the 
vermis, being divided by a deep fissure into an anterior and a posterior part. 

4. The superior semilunar lobule (Fig. 653), which is a semilunar lobule pointed at the end, 
with a lateral side and a medial narrow one, and which is separated from the lower horizontal 
lobule by a similarly named sulcus. 

The inferior cerebellar surface is also divided into four lobules, which follow the other series 
in this manner: 

1. The inferior semilunar lobule (Fig. 654), lying below the horizontal sulcus and in contrast 
to the superior semilunar lobule, having a broad medial and narrow lateral border. It corre- 
sponds to the tubercle of the vermis and in its lateral portion has very narrow gyri. 

2. The lobus biventer (Figs. 654 and 656) is much narrower on its mesial than on its lateral 
side, and consequently its gyri are only approximately parallel and laterally have no longer a 
horizontal direction. A deep curved sulcus divides it into a lateral and a medial portion. This 
lobe, which corresponds to the pyramid of the vermis, is always distinctly separated from the two 
neighboring ones. 


* See the Sobotta-Huber Histology, Lehmann’s Medical Hand-Atlases, Vol. XXVI. 


gentral lobule 


sd anterior cerebellar Loe : ala of central lobule 


anterior portion. 


culmen 
posterior portion of q 


‘quadrangular lobule declive 


of monticulus 


cerebellar sulcus 


cerebellar hemisphere, 
superior surface, 


superior semilunar-- _ 
lobule 


N 
inferior semilunur lobule” fe horizontal cerebellar sulcus 


I 
posterior cerebellar notch \ folium of vermis 


Fig. 653. 


nodule of vermis _ flocculus 


cerebellar hemisphere, 
inferior surface '~ _ 


inferior portion i S tonsil 


\ Py / os 
| of vermis / - biventral lobe 


\ ° / 
| anterior cere- / 
mm, Gellar notch / 
« | 


4 iv 
inferior semilunar 
e--- lobule 


_ horizontal cerebellar 
= sulcus 


__-superior semilunar 
oe lobule 


/ 


of / i N \ 
uvula of vermis’ , \ \ . 
of / posterior cere- : tuber of vermis 
‘ _ | bellarnotch folium 
pyramid of vermis of vermis 


Fig. 654. 


ae idol iaeeee 


i 


) 


‘ ee 


superior portion of 
vermis 
anter. medullary velum } culmen of monticulus 


‘ 


ventricle IV % ! central lobule 


vinculum of lingula , lingula As cerebellum 


. \ / ala of central lobule 
posterior medullary velum , _’ brachium conjunctivam x 


\ 


brachium of pons X 
“peduncle of flocculus 


“7 


Slocculus 
‘ horizontal cerebellar sulcus 


inferior surface of cerebellar hemisphere vallecula/ uvula of vermis | epee fae ‘vallecula of cerebellum 


vermis 


Fig. 655. 


anterior medullary velum~ 
posterior medullary velum, 
peduncle of flocculus., ‘ ’ 


Slocculus NS 


_-- Pons X 
_brachium conjunctivum 


_flocculus 


_--horizontal cerebellar 
sulcus 


A --biventral lobe 


/ 
nS! ” poster. cerebellar’ 
nidus avis pyramid notch 


uvula vermis tonsil of cerebellum 


Fig. 656. 


THE NERVOUS SYSTEM. 165 


3. The tonsil (Figs. 654 and 656) is an almost oval, very prominent lobule, which lies 
between the preceding one and the vallecula. Its fissures and convolutions are the only ones 
of the cerebellum which run almost vertically. It corresponds to the uvula of the vermis. 

4. The jlocculus* (Figs. 654 to 656) is a small peculiar stalked-lobe which lies at the pos- 
terior border of the brachium pontis in front of the lobus biventer, in the prolongation of the 
horizontal sulcus which separates this from the quadrangular lobule. It consists of only a few 
gyri, separated by notched sulci, and is connected with its corresponding lobule in the vermis, 
the nodule, only indirectly by means of a medullary band, the peduncle of the flocculus, which 
posteriorly passes over into a thin lamina, the posterior medullary velum. This, with the peduncles 
of the flocculus, lies behind the brachium pontis and restiform body, between these and the 
anterior border of the tonsil. It bounds a groove-like depression on the inferior surface of the 
cerebellum, in which the tonsilla rests and which is called the nidus avis.f 

The interior of the hemisphere (Fig. 658) consists of a white medullary mass, the medullary 
body, which is most compact in the center of the hemisphere and penetrates in the form of the 
various branched medullary laminz into the lobules and the individual gyri. In this manner 
a structure, called the arbor-vite, is formed, which is shown by a cross-section at right angles to 
the convyolutions, at an angle of 45 degrees with the median plane. The medullary mass of the 
hemisphere contains a number of gray nuclei or ganglia, of which the most important is the 
dentate nucleus (Figs. 657 and 658). It is a much-folded thin plate of gray substance which is 
interrupted medially by the medullary mass. The place of interruption is known as the hilus, 
and a layer of nerve fibers which surround the gray substance of the nucleus is the capsule. 
Its greatest length is in the direction of the prolongation of the brachia conjunctiva. 

In close relation with the dentate nucleus are the remaining smaller nuclei of the cerebellum 
(Fig. 658), which also lie in the medullary mass, but extend partly into the region of the vermis. 

Immediately medial to the dentate nucleus is the elongated embolijorm nucleus; on the 
medial surface of this is the nucleus globosus, consisting of two or three parts; while the nucleus 
jastigii is in the upper portion of the medullary body of the vermis close to the median plane 
and just above the fourth ventricle. 

The three cerebellar peduncles radiate from the medullary mass of the cerebellum; they 
contain the fiber tracts and connect the cerebellum with the brain stem. The largest of the 
three is the middle one, the brachium of the pons (Figs. 650, 655, 660, and 668). ‘To it there 
is added from below the restijorm body, which comes from the medulla oblongata, while the 
flat brachium conjunctivum lies superiorly and medially. All three enter the cerebellum through 
the transverse cerebellar fissure. 

The Vermis.—The vermis (Figs. 648 and 653 to 656) is the narrow middle connection 
between the two cerebellar hemispheres. The portion of it which forms part of the superior 
cerebellar surface projects above the level of the hemispheres and is called the superior vermis, 
while the lower portion, which lies in the vallecula forming the floor of that groove, is the i/erzor 
vermis, and is much more distinctly separated from the hemispheres than the superior vermis, 
from which it is separated by the transverse cerebellar fissure. In the region of the posterior 


* In addition to the actual flocculus, secondary flocculi sometimes occur along the border of the brachium pontis. 
+ The nidus avis does not appear until thé tonsilla is removed, and is, therefore, an artificial product. 
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Fic. 657.—The boundaries of the fourth ventricle exposed by a partial removal of the cerebellum. 
The vermis of the cerebellum, excepting the lingula and the nodule, has been cut away, and the posterior halves 
of the hemispheres removed by an almost vertical section. The tonsil and the biventral lobe have also been removed 
from the left hemisphere to expose the posterior medullary velum. 
Frc. 658.—A cross-section of the cerebellum in the direction of the brachia conjunctiva. 


cerebellar notch, however, it passes over gradually into the superior vermis, so that the surface of 
the whole vermis represents about three-fourths of a circle and is marked with distinct transverse 
fissures. 

Like the hemisphere, the vermis is divided into eight subdivisions, there being four lobules 
in the superior and four in the inferior vermis. Those of the superior vermis are: 1. The 
lingula (Fig. 655), the smallest lobule, consisting of four to five narrow, flat gyri which lie 
upon the dorsal surface of the anterior medullary velum. It corresponds to the vinculum of 
the lingula on the hemispheres. 

2. The central lobule (Fig. 658) is also small, although it is larger than the lingula and has 
in its interior a medullary lamina covered with gray cortex on both sides. It is situated in the 
anterior cerebellar sulcus behind the corpora quadrigemina, covers in the lingula, and passes 
over into the ala of the central lobule of the hemisphere. 

3. The monticulus (Fig. 653), the largest portion of the superior vermis and, in fact, of the 
whole vermis, forms the ridge-like projection of the surface of the cerebellum and is steeply 
inclined forward toward the central lobe, but a little less so posteriorly toward the folium of 
the vermis. Its anterior portion, which is the most prominent, is called the cudmen, and its pos- 
terior portion the declive. It corresponds to the quadrangular lobe of the hemisphere. 

4. The jolium (Figs. 653 and 654) is situated in the posterior cerebellar sulcus and is a low 
fold, divided into but few convolutions, which unites the superior semilunar lobules. 

The inferior vermis is divided into: 

1. The tuber (Fig. 654), which also lies partly in the region of the posterior cerebellar 
sulcus and unites the inferior semilunar lobules of the hemisphere. 

2. The pyramid (Fig. 656) is much broader at its posterior than at its anterior end and 
thus obtains its name. It corresponds to the lobus biventer of the hemisphere. 

3. The uvula (Figs. 655 and 656) is elongated and lies between the two tonsils of the 
hemispheres. 

4. The nodule (Figs. 655 and 656) is the most anterior lobule of the vermis, bordering 
directly upon the transverse cerebral fissure. It is round and corresponds to the flocculus, with 
which it is connected by the peduncle of the flocculus. 

The lobules of the vermis and the hemisphere are related to one another in the following 
manner: 


Hemisphere. Vermis. 
~ 1. Vinculum of the lingula. 1. Lingula. : 
Superior | 2. Ala of central lobule. 2. Central lobule. | Superior 
surface. | 3. Quadrangular lobule. 3. Monticulus. | vermis. 
| 4. Superior semilunar lobule. 4. Folium. 
t. Inferior semilunar lobule. 1. Tuber. 
Inferior 2. Lobus biventer. 2. Pyramid. Inferior 
surface. | 3. Tonsil. 3. Uvula. vermis. 
4. Flocculus. 4. Nodule. 
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The medullary body of the vermis (Figs. 624 and 648) is much thinner than that of the 
‘hemisphere, and passes over into the anterior medullary velum, upon which the lingula of the 
vermis lies, without any line of demarcation. The medullary lamine which it sends out are also 
much more delicate than those of the hemisphere, so that upon median cross-section of the vermis 
one gets the beautiful figure of the arbor vite oj the vermis. The medullary body of the vermis 
with the anterior medullary velum forms a part of the roof of the fourth ventricle (see page 171). 


THE PONS. 


The pons (Figs. 623, 624, 642, 647, 648, and 661) is a broad white mass, lying at the base of 
the brain and separated anteriorly from the cerebral peduncles by a distinct groove and 
posteriorly also from the medulla oblongata. Laterally it is connected to the cerebellum by 
the brachia pontis and anteriorly and posteriorly it is continuous with the cerebral peduncles and 
the medulla oblongata. Its surface, which forms part of the base of the brain, is decidedly convex 
in the transverse direction, but in the middle line has a shallow anteroposterior groove called 
the basilar sulcus, which lodges the basilar artery. 

In shape the ventral surface is quadrangular and it is marked by distinct transverse lines and 
fissures corresponding to the course of the superficial pons fibers. An oblique fiber tract which 
runs from an anterior medial to a posterior lateral direction toward the brachium pontis, is usually 
quite distinct and is known as the oblique fasciculus. This surface lies upon the clivus of the 
posterior cranial fossa. 

The pons is connected with the cerebellum on either side by the large brachia pontis, while 
its dorsal surface forms the floor of the fourth ventricle and really represents the intermediate 
portion of the rhomboidal fossa (see below). This dorsal surface is gray, while the ventral and 
lateral surfaces are white. The portion of the pons taking part in the formation of the rhom- 
boidal fossa is known as the dorsal portion and differs considerably in its entire structure (see 
page 175) from the ventral or basilar portion. 

The brachium pontis is a thick, round mass of fibers which passes from the lateral part of the 
pons and, thinning a little at first and then thickening ¢gain, enters the medullary mass of the cere- 
bellar hemisphere near the brachium conjunctivum. From its base the largest of all the cranial 
nerves, the ¢rigeminus, has its origin just in front of the oblique fasciculus. Where it enters the 
cerebellum it is covered by the lobules of the latter above, behind by the quadrangular lobe, 
and below by the lobus biventer, and especially by the flocculus. Between its posterior border 
and the anterior end of the olive (see below) the acoustic and facial nerves have their exit. 


THE MEDULLA OBLONGATA. (MYELENCEPHALON. ) 


The medulla oblongata (Figs. 623, 624, 642, 647, 650, 660, and 661), the direct prolongation 
of the spinal cord, has the shape of a cylinder somewhat enlarged at its anterior end. At its 
lower end it becomes directly continuous with the spinal cord, while its upper end passes into 
the pons, from which it is separated on the ventral surface by the groove mentioned above. 

So far as its external form is concerned, the medulla oblongata greatly resembles the spinal 
cord, especially on its ventral surface and in its lower half. The anterior median fissure of the 


* For the lateral fila of the pons, see page 162. 
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Fic. 660.—The quadrigeminal lamina and the rhomboid fossa as viewed from behind. 
The cerebellum and the pineal body have been removed; the posterior extremity of the thalamus may be seen. 
Fic. 661.—The same preparation viewed from the left and somewhat from behind. 


cord is prolonged throughout the entire length of the medulla and forms at its upper blind end, 
together with the transverse groove between the medulla and pons, a depression known as the 
foramen cecum. At the boundary between the spinal cord and the medulla the longitudinal 
fissure is interrupted by the crossing of the pyramidal tract of the cord, this bundle passing from 
the lateral funiculus of one side obliquely through the longitudinal fissure to the anterior funiculus 
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of the other side. This crossing is termed the pyramidal decussation,* and the anterior funiculi 
of the medulla, now containing all the pyramidal fibers and lying as continuations of the anterior 
funiculi t of the spinal cord, next to the median fissure, are called the pyramids. Laterally these 


* The fibers of the anterior pyramidal fasciculus (see page 116) had the same position in the cord. 
{In reality, the pyramids are not the real continuation of the anterior funiculi. They merely push the anterior 
fasciculus proprius (see page 116) laterally and occupy the space near the median plane. 
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are bounded by the prolongations of the anterior lateral sulci of the cord, from which, in the upper 
portion of the medulla, the twelfth or hypoglossal nerves have their origin by a number of root 
fibers, while in the lower portion of the medulla the root fibers of the first cervical nerves emerge.* 

In the prolongation of the lateral funiculi of the cord in the upper portion of the medulla 
there is near the pyramid and separated from it by the anierior lateral sulcus an elongated ellip- 
tical prominence, the olive, which is of a white color, as is, indeed, the whole ventral surface of 
the medulla oblongata. A considerable portion of the lateral funiculus, however, passes lateral 
to the olive and ascends toward the pons, and there are, even externally, evidences of extensive 
changes in this lateral funiculus compared with that of the cord, the remains of the enlarged 
posterior horn of the cord, for instance, coming to lie just below the surface in the vicinity of the 
fasciculus and forming the iuberculum cinereum. ‘The root fibers of the eleventh or accessory 
nerve have their exit from the lateral funiculus along the whole length of the medulla oblongata, 
and in its upper part, lateral to the olive, the fibers of the glossopharyngeal and vagus nerves make 
their appearance, and at the upper border of the olive may be seen those of the facial and acoustic 
nerves. 

Just as the anterior funiculi of the cord pass insensibly into those of the medulla, so also is 
it with the posterior funiculi. Each of these presents two very differently shaped portions. In its 
lower portion each is in every respect similar to the cord, but its upper portion forms a part of the 
floor of the fourth ventricle and the injerior portion of the rhomboidal jossa. Consequently, the 
posterior median sulcus of the cord is not continued throughout the whole length of the medulla, 
but only through its lower half, its upper being cut off by a transverse triangular medullary 
fold, the obex.. The posterior intermediate sulcus, which is quite distinct in the cervical portion of 
the cord, passes up a little higher, and the fasciculus gracilis, lying between it and the posterior 
median sulcus, forms at its end a club-shaped swelling, the clave. The lateral portion of the 
posterior funiculus behaves similarly at its passage into the medulla, the fasciculus cuneatus 
forming somewhat lateral to and above the clava the ‘uberculum cuneatum, which is separated 
from the tuberculum cinereum (mentioned above) by the posterior lateral sulcus. 

Above the clavee and medial to the cuneate tubercles is the inferior portion of the rhom- 
boidal fossa (see page 170), and on either side of it a flattened bundle formed from portions of the 
posterior funiculi and also from prolongations of the lateral funiculi of the cord, especially of the 
direct cerebellar fasciculus (see page 116). It curves upward to the cerebellum, lying along 
the posterior inferior border of the brachium pontis, and with this enters the transverse cerebellar 
fissure; it is known as the restijorm body. 

The dorsal surface of the medulla oblongata extends in the floor of the rhomboidal fossa to 
about the transverse stricze (see below), but in this region there is no sharp line between medulla 
and pons, so that in the description of the rhomboidal fossa (page 170) both portions will be 
considered together. Just as there is a gradual change in external form from the spinal cord to 
the medulla oblongata, so too there is a gradual rearrangement of the separate parts of the cord, 
both the gray and the white substance being concerned in the change, so that below, even in its 
internal structure, the medulla oblongata resembles the cord, while its upper part, on account of 


* Since the roots of these nerves arise above the pyramidal decussation, the latter cannot be considered as a sharp 
boundary between the cerebrum and the spinal cord. 
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the appearance of gray nuclei and the rearrangement of the white fiber tracts, presents quite a 
different appearance. The more minute relations of the parts will be discussed later when the 
structure of the pons is considered. 

The Fourth Ventricle.—The fourth ventricle (Figs. 624, 648, 650, 659, and 660) is a low 
flat space, which communicates superiorly with the cerebral aqueduct, and inferiorly directly 
with the central canal of the spinal cord. The middle and widest portion of the cavity belongs 
to the metencephalon, while the upper pointed end lies in the region of the rhombencephalic isth- 
mus, and the lower end, also pointed, belongs to the medulla oblongata. It presents for examina- 
tion a floor formed by the rhomboidal jossa, and a roof known as the tegmen oj the jourth ventricle. 

The shape of this flat ventricle corresponds largely to the rhomboidal fossa, presenting at 
the middle of its length its greatest width, the lateral recess oj the fourth ventricle, which corresponds 
to the lateral recess of the rhomboidal fossa and extends along the peduncle of the flocculus to 
the medial and posterior border of the flocculus, and is connected with the subarachnoid space 
by the lateral aperture of the fourth ventricle, which latter extends along the root fibers of the 
glossopharyngeal nerve. Here the chorioid plexus of the fourth ventricle makes its appearance 
at the base of the brain. At about its middle the ventricle also has its greatest depth, due to 
an out-pouching directed toward the medullary body of the vermis and known as the jastigium 
(page 171). 

The Rhomboidal Fossa.—The rhomboidal fossa (Figs. 660 and 661) is a flat rhomboidal 
groove-like indentation, which is seen separating the cerebellum from the brain stem, lying upon 
the surfaces of the rhombencephalic isthmus, the pons, and the medulla oblongata, which form 
the floor of the fourth ventricle. The upper and lower extremities of the fossa are acute angles and 
the lateral ones are obtuse, so that its greatest width is at its middle. The upper pointed end 
communicates with the cerebral aqueduct, while the lower one is continued as a pen-shaped 
figure, the calamus scriptorius, into the central canal of the cord. Its boundaries in the region of 
the calamus scriptorius are the obex (see page 169), the upper ends of the clave, and laterally 
the restiform bodies, and in its upper part its boundaries are the brachia conjunctiva. Three 
portions which are continuous with one another without any definite lines of demarcation may 
be distinguished; the broadest middle portion*is termed the intermediate portion, the upper, the 
superior, and the lower, the inferior portion. The middle part presents a lateral recess between 
the restiform body, which curves upward toward the cerebellum, and the lower border of the 
brachium pontis. 

Throughout its whole length, from the calamus scriptorius to the opening into the cerebral 
aqueduct, there extends the posterior median fissure, and parallel to this is a second less prominent 
(paired) lateral groove, the limiting sulcus.* Together with the median fissure, this bounds 
an elongated eminence, the medial eminence, in the upper and middle portions of the fossa, while 
in the inferior portion, the prolongation of this, the hypoglossal trigone, is separated by the limiting 
sulcus from the ala cinerea (see below). The limiting sulcus forms in both the upper and lower 
portions of the fossa a broad depression, the superior and inferior fovee, the former lying above, 
and the latter below the medullary strie (acoustic). These appear often as very distinct horizontal 


* The limiting sulcus, like the lateral mesencephalic sulcus, is the remains of the embryonic limiting sulcus which 
separates the ventral and dorsal zones of the medullary canal. 
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white stripes, but are very variable in their development, and they pass across the greatest breadth 
‘of the intermediate part. They are quite narrow where they emerge from the median fissure, 
but diverge as they pass over the medial eminence toward the lateral recess, where they are lost; 
a few may often be seen to pass obliquely upward or downward. 

Above the medullary striz the medial eminence is thickened to form the flat facial colliculus, 
which lies medial to the superior fovea and is formed by the internal genu of the facial nerve. 
The lateral part of the fossa crossed by the medullary striz is known as the acoustic area, because 
in this situation the eighth nerve has its origin or rather termination. Laterally, in the region of 
the lateral recess, it forms the acoustic tubercle, and above the superior fovea, in the lateral portion 
of the superior part of the fossa, is a narrow, elongated band, which has a bluish color in the 
fresh brain, and is termed the locus ceruleus. 

In the inferior portion of the fossa, adjoining the hypoglossal trigone, and separated from 
it by the limiting sulcus, is a long triangular area, the ala cimerea, which is distinguished from the 
medial eminence by its deeper gray color. It corresponds to the vagoglossopharyngeal nucleus 
and extends upward to the inferior fovea. 

The Tegmen of the Fourth Ventricle.—The tegmen of the fourth ventricle (Figs. 648, 650, 
and 657) is, for the most part, purely epithelial in character. An epithelial chorioidal lamina 
closes off the upper part of the cavity posteriorly as far down as the portion which belongs to 
the rhombencephalic isthmus. Here the brachia conjunctiva, with the anterior medullary velum 
lying between them, form a portion of the roof of the cavity, consisting of nerve tissue, but below 
this the roof is made up of the éela chorioidea, which resembles the similarly named structure 
of the third ventricle. It is a double fold of pia mater, which dips in between the cerebellum 
and fourth ventricle, covering, on the one hand, the nodulus and uvula of the cerebellum, and 
on the other, serving as a support for the epithelial chorioidal lamina. The latter projects 
into the ventricle as a, chorioidal plexus, and consists of weaker, villus-like medial portions and 
a much stronger lateral one, passing along the peduncle of the flocculus and reaching to the lateral 
aperture, through which it emerges (see page 170). 

The epithelial chorioidal lamina is attached along the restiform bodies to a narrow medullary 
edge, the tenia oj the fourth ventricle, which extends along the side of the inferior portion of the 
rhomboidal fossa and also to the obex, lying between the upper parts of the two clave, the tenia 
passing over into this latter; it is also attached to the free borders of the posterior medullary velum. 
This, in contrast to the anterior velum, is a paired formation which is attached on either side 
of the peduncle of the flocculus. Its posterior superior border unites on either side with the pos- 
terior border of the anterior medullary velum and with this passes over into the medullary sub- 
stance of the cerebellar vermis. The angle caused by this union is the fastigiwm, and in this 
region the fourth ventricle projects upward into the medullary substance of the vermis. On 
the other hand, the epithelial lamina is attached to the inferior border of the posterior velum, so 
that together they form the posterior wall of the fourth ventricle. In the middle line, just above 
the calamus scriptorius, there is a round aperture in the tegmen, the medial aperture (foramen oj 
Magendie*), through which the ventricle communicates with the subarachnoid cavity. 


* The existence of this aperture has been denied. It is in any event a secondary formation and does not exist in 
the embryonic brain. 
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Fic. 662.—A cross-section of the medulla oblongata near the middle of the decussation of the pyramids. 
(Enlarged 7 times.) 

Fic. 663.—A cross-section of the lower portion of the medulla oblongata at the level of the upper extremity 
of the decussation of the pyramids. . (Enlarged 7 times.) 

Fic. 664.—A cross-section through the lower portion of the medulla oblongata in the region of the decus- 
sation of the lemniscus. (Enlarged 7 times.) 

White matter, dark; gray matter, clear. 
Fic. 665.—A cross-section through the middle portion of the medulla oblongata in the region of the 
calamus scriptorius. (Enlarged 7 times.) 


THE NUCLEI AND THE DISTRIBUTION OF THE MAIN FIBER-TRACTS IN THE PONS AND 
MEDULLA OBLONGATA. 

The somewhat complicated distribution of the gray and white substance in the medulla 
and pons can be best understood by the study of a number of cross-sections from the spinal cord 
upward (Figs. 662 to 669). The most noticeable change in the transition from the cord 
into the medulla is that produced by the pyramidal decussation (Fig. 662). The fibers of the 
lateral pyramidal fasciculi deviate from their longitudinal course and take a transverse or oblique 
direction, traversing the gray substance in such a manner as to constrict the anterior from the 
posterior column, and decussate in front of the commissure with fibers of the other side, filling 
up the anterior median fissure. At the level of the upper end of the decussation nuclei may 
be seen in the clava and the cuneate tubercle, the nucleus of the fasciculus gracilis and of the 
jasciculus cuneatus. As in the cervical region of the cord, so in that of the lateral funiculus, 
the root fibers of the spinal accessory nerve, which arise from the lateral part of the anterior 
gray column, have their exit. 

Just above the decussation a change in the structure of the gray substance takes place 
(Fig. 663). The posterior column is constricted off by fiber tracts which traverse the anterior 
column and the neck of the posterior one, forming the reticular formation, and becomes situated 
near the surface of the lateral funiculus, where it forms the tuberculum cinereum (see page 169). 
Its ganglion cells represent here, as in the succeeding cervical part of the cord, the nucleus of the 
spinal tract of the trigeminus, one of the sensory nuclei of that nerve. The neighboring bundles 
constitute the spinal tract of the nerve itself. 

The anterior column of the cord above the decussation becomes gradually lost in the reticular 
formation, so that in addition to the central gray stratum surrounding the central canal the only 
larger masses of gray substance which persist are those of the tuberculum cinereum, the two 
nuclei of the posterior fasciculus, and a small lateral nucleus which makes its appearance in the 
lateral funiculi. The compact mass of fibers resulting from the decussation forms the pyramid 
lying next to the anterior median fissure, and it produces in the first place a lateral transference 
of the anterior fasciculus proprius and, secondly, causes a pronounced thickening of the ventral 
portion of the medulla oblongata, so that in transverse section the central canal is found in its 
dorsal half. Just above the level of the decussation of the pyramids masses of fibers occur, 
which also decussate, forming the decussation of the lemniscus. ‘The fibers which enter into its 
formation are known as the internal arcuate fibers, in contrast to the delicate bundles of external 
arcuate fibers which run transversely over the surface of the medulla. The former (Fig. 664) 
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arise from the nuclei of the posterior columns and are indirect prolongations of the sensory fibers 
of the cord which form the posterior funiculus* (see page 118); from the nuclei of Goll and 
Burdach they curve around the central gray stratum to the median line, where they decussate at 
the bottom of the anterior median fissure, and since they represent the main portion of the path 
known as the medial lemniscus, their decussation is termed the decussation of the lemniscus. 

In the region of the calamus scriptorius (Fig. 665) the appearance of the cross-section of the 
medulla is altered, not only externally by the central canal opening into the fourth ventricle but 
also by other more extensive modifications. ‘The gray figure seen in the cord can now be hardly 
recognized; the central gray stratum of the central canal has become the gray substance of the 
rhomboidal fossa, the remains of the posterior column may be recognized in the nucleus of the 
spinal tract of the trigeminal nerve as in the lower parts of the medulla, but the most noticeable 
alteration is the appearance of the olzvary nucleus, which appears below the calamus scriptorius 
just above the decussation of the lemniscus. It lies in the enlargement of the ventral surface of 
the medulla oblongata, known as the olive, not reaching the surface of this, however, but being 
separated from it by white fibers, especially by the external arcuate fibers. ‘The olivary nucleus 
(inferior) is a much-folded_gray band curved so as to form a sac-like structure having an opening 
medially and posteriorly, the zlws, and enclosing masses of fibers having various courses. Beside 
the main nucleus, accessory nuclei occur; separated from it medially by the root fibers of the 
hypoglossal nerve is the medial accessory olivary nucleus, and, a little further dorsally is the lateral 
accessory olivary nucleus. In the gray substance in the floor of the rhomboidal fossa are nuclei 
of several cerebral nerves. That of the hypoglossal nerve lies close to the median fissure of the 
fossa in the region of the medial eminence (see page 170), and corresponds to the trigone of the 
hypoglossal nerve of the rhomboidal fossa. The root fibers after leaving the nucleus pass 
obliquely, laterally, and ventrally to make their exit between the pyramid and olive. Lateral 
to the nucleus of the hypoglossal nerve is the nucleus of the ala cinerea, the sensory nucleus of 
the glossopharyngeal and vagus nerves, whose root fibers pass from here through the substance 
of the lateral funiculus. Ventral and lateral to the nucleus of the ala cinerea a small, isolated 
tract, circular in cross-section, the solitary tract, becomes especially prominent, and with it also 
an adjacent nucleus, the nucleus of the solitary tract, both of which belong to the glossopharyngeal 
nerve.t 

In the median plane the cross-section of the medulla shows a sharp separation of the two 
halves by means of the raphe of the medulla oblongata, in which a delicate decussation of fibers 
of both sides occurs, representing a continuation of the decussation of the lemniscus. Lateral 
to the raphe is a region extending to the root fibers of the hypoglossal nerve, in which several 
groups of ganglia lie between fiber tracts having various courses, and among which the internal 
arcuate fibers may be recognized passing to their decussation in the raphe. Since the fibers are 
in excess of the gray substance in this region, it has here a whitish appearance and is known as 

* [The external arcuate fibers also arise from the nuclei of the posterior funiculus and, after decussating, pass ven- 
trally to emerge at the anterior median fissure, whence they pass laterally over the surface of the medulla to join the 
restiform bodies and so reach the cerebellum.—Ep. ] 

} [The solitary fasciculus is a downward prolongation of the entering fibers of the glossopharyngeal (and vagus) 


nerve and its nucleus is the nucleus of termination for these fibers, the two structures having the same relation to the 
nerve as the spinal tract and nucleus of the tuberculum cinereum have to the trigeminus.—ED.] 
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Fic. 666.—A cross-section through the middle portion of the medulla oblongata. (The middle of the 
olivary region.) (Enlarged 7 times.) 

White matter, dark; gray matter, clear. 

Fic. 667.—A cross-section through the upper portion of the medulla oblongata. (Intermediate portion 
of the rhomboid fossa.) (Enlarged 7 times.) 

Fic. 668.—A cross-section through the lower portion of the pons at the level of the abducens nucleus. 
(Enlarged five times.) 

The first portion of the root of the facial nerve is not visible; the second portion has been cut longitudinally and 
the genu obliquely. At one side may be seen the brachium of the pons, which has been divided from the cerebellum. 
Preparation as in Figs. 651 and 652. 

Fic. 669.—A cross-section through the middle portion of the pons and of the rhombencephalic isthmus. 
(Enlarged five times.) 
White matter, dark; gray matter, clear, as in Fig. 668. 


the white reticular substance, in contrast to the gray reticular substance which is lateral to the root 
of the hypoglossal nerve and dorsal to the olive. The part of the white reticular substance which 
lies between the two olives is the zmterolivary stratum oj the lemniscus and is largely formed by the 
internal arcuate fibers. On the ventral side of the medulla, ventral to the white reticular substance 
and lateral to the olives, are the pyramids with their pyramidal fasciculi, and at either side of the 
calamus scriptorius there are still to be seen the upper ends of the nuclei of the fasciculus cune- 
atus, and in this region also from fibers from the continuation of the posterior fasciculi, from parts 
of the lateral fasciculi and from arched transverse fibers from the olivary nucleus, the cerebello- 
olivary fibers, the restijorm body (see page 169) which passes to the cerebellum is formed. Further- 
more, there is a special bundle of longitudinal fibers in the dorsal part of the reticular white sub- 
stance situated ventral to the hypoglossal nucleus, known as the medial longitudinal fasciculus ; 
it courses upward to the mesencephalon in the region of the medial eminence of the rhomboidal 
fossa (see pages 161 and 184). ; 

A very similar arrangement is shown by cross-sections through the medulla above the level 
of the calamus scriptorius (Fig. 666). Prominent on the surface are the external arcuate fibers, 
passing over the olives and the pyramids and separated from the surface of the latter by the gray 
arcuate nuclet. The nuclei of the posterior fasciculi are no longer present, and the lateral 
boundary of the rhomboidal fossa is formed by the restiform bodies. On the floor of the fossa, 
in addition to the nucleus of the ala cinerea, there is also a sensory glossopharyngeovagus 
nucleus and a motor nucleus for the same nerves, known as the nucleus ambiguus, occurs in the 
gray reticular substance dorsal to the olive. In this region also ganglion cells from which the 
upper root fibers of the accessory nerves arise are still to be found, and the posterior ends of the 
acoustic nuclei make their appearance, although these structures are more evident in cross-sections 
of the uppermost part of the medulla. 

Cross-sections made through the rhomboidal fossa at the level of the medullary strie (Fig. 
667) show an arrangement which in many respects is similar to that seen in lower sections, although 
modifications occur. The olivary nuclei have decreased in size, while the pyramids, external 
arcuate fibers, and arcuate nuclei are about the same as in the inferior part of the rhomboidal 
fossa; indeed, the ventral part of the section differs only in its greater narrowness, which is espe- 
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cially pronounced in the region of the interolivary stratum of the lemniscus. The restiform bodies 
now stand out strongly, and the floor of the fossa shows important changes and reaches at this 
‘level its greatest width. Just below the surface the medullary strie, cut longitudinally, are notice- 
able; these belong to the acoustic nerve path, as does the rest of this region, which is accordingly 
called the acoustic area. It contains especially the nucleus of the acoustic nerve, which also, how- 
ever, extends into the dorsal part of the pons. There is no distinct boundary in this dorsal region 
between the pons territory, that is to say, the metencephalon, and the medulla oblongata or 
myelencephalon. The acoustic nerve has separate nuclei for its two main portions, the vestibular 
and the cochlear nerves, so that a dorsal acoustic nucleus belonging to the vestibular nerve and 
a ventral belonging to the cochlear nerve can be recognized. The dorsal nucleus lies in the lateral 
part of the acoustic area of the rhomboidal fossa, while the ventral one is very superficial and close 
to the restiform body just where it enters the cerebellum. The dorsal nucleus is the nucleus of 
the vestibular nerve, which has another root known as the descending (spinal) root, as well as a 
lateral nucleus, Deiter’s nucleus or the lateral nucleus oj the vestibular nerve, lying to the medial 
side of the restiform body. ‘The cochlear nerve passes principally to the ventral nucleus, but 
also sends fibers to the ganglion cells of the acoustic tubercle (dorsal cochlear nucleus), lying in 
the lateral recess of the rhomboidal fossa. ‘The hypoglossal nucleus does not reach to the level of 
the medullary striz, but the upper end of the vagus nucleus dees.. 

In cross-sections of the pons (Figs. 668 and 669), two quite different portions may be recog- 
nized; the ventral or basilar part and the dorsal part; beneath the rhomboidal fossa. And since 
the latter is the direct continuation of the tegmentum of the cerebral peduncle, it is known as the 
tegmentum of the pons. ‘The structure of the pons differs decidedly from that of the medulla. 
Among the most noticeable differences in the basilar part may be mentioned the absence of the 
olivary nuclei; the fasciculi of the pyramids are no longer seen on the surface as longitudinal fas- 
ciculi, but lie in the middle of the basilar portion as thick bundles, the longitudinal fasciculi 
oj the pons, separated by gray masses, the nuclei of the pons. Ventrally as well as dorsally, they 
are bounded by rather large, transverse fiber tracts, the superficial and deep fibers of the pons. 
The raphe of the medulla oblongata is continued from the medulla into the pons, in the lower 
portion of which it extends into the basilar part, although in the upper portion it is limited to 
the dorsal part. The dorsal part of the pons, the tegmentum, lies between the rhomboidal fossa, 
on the one side, and the basilar portion on the other. In the region of the facial colliculus there 
is to be seen the nucleus of the abducens nerve, just below the surface of the fossa, the root fibers 
of the nerve taking origin from it and passing ventrally through the basilar part of the lower 
portion of the pons. A little further ventrally, and at the same time laterally, but still in the dorsal 
part is the nucleus of the facial nerve, from which the root fibers at first rise to the facial colliculus 
as the first part oj the root of the facial nerve, and then curve around the abducens nucleus as the 
internal genu of the facial nerve, to course as the second part of the root laterally past the abducens 
and facial nuclei, between the superior olive and sensory nucleus of the trigeminal nerve, and 
appear on the ventral surface of the lower part of the pons. The dorsal acoustic nucleus and the 
sensory trigeminal nucleus, which increases in size upward, and also the motor nucleus of the 
trigeminus, which extends as far as the mesencephalon, with its mesencephalic root (see page 162), 
lie in the dorsal portion of the pons. In the lower portion there are also to be found the superior 
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olivary nucleus, medial to the second portion of the facial nerve and the nucleus of the trapezoid 
body (see below). 

Of fiber tracts there are in the dorsal part of the pons, in addition to the mesencephalic and 
spinal trigeminal roots, first, the medial longitudinal fasciculus, which has increased considerably 
in width compared with its condition in the medulla oblongata and lies close to the raphé below 
the facial colliculus, and really in the region of the medial eminence. From the reticular for- 
mation and especially from the interolivary stratum of the lemniscus there develops in the ventral 
portion of the dorsal part of the pons a broad, compact mass which becomes larger upward, the 
lemniscus. It divides (see page 162) at the rhombencephalic isthmus into a weaker lateral 
portion, the lateral (acoustic) lemniscus, provided with a nucleus, the nucleus of the lateral lemniscus, 
and a stronger medial portion, the medial lemniscus, both parts, even the medial one, however, 
diverging from the median line toward the trigone of the lemniscus (see page 162). Finally, 
in the lowest portion of the dorsal part of the pons there are transverse fibers which decussate 
in the raphe; they belong to the acoustic nerve, and, passing over into the lateral lemniscus of the 
opposite side, are known as the trapezoid body (Fig. 668); they lie just above the deep fibers of 
the pons and include a small nucleus (see above). 


THE MAIN TRACTS IN THE BRAIN.* THE TRACTS IN THE WHITE SUBSTANCE OF THE 
TELENCEPHALON. 

In the white substance of the telencephalon three main groups of fiber tracts may be dis- 
tinguished : 

1. Tracts which unite regions of the cerebral cortex of the same hemisphere and are known 
as association fibers. 

2. Tracts connecting identical points of the two hemispheres with one another and termed 
commissural fibers. 

3. Tracts which pass from the cerebral cortex to or from deeper structures of the brain, 
such as the thalamus, corpora quadrigemina, cerebral peduncles, pons, medulla oblongata, or to 
the spinal cord. These are known as projection fibers.T 

I. Association Fibers,—The association fibers (Figs. 670 and 671) are divided into 
two groups: (1) Into the short association bundles which unite neighboring cerebral convolutions 
and are called cerebral arcuate fibers, and (2) into those which connect more distant gyri or even 
lobes of the hemisphere, and constitute the long association bundles. Of the latter, four tracts 
have special names: 

1. The cingulum (Fig. 671) courses in the medullary substance of the gyrus cinguli (and 
also the gyrus fornicatus), in the medial portion of the centrum semiovale, just above the lateral 
border of the corpus callosum, extending from the frontal lobe to the cuneus of the occipital 
lobe, and from there on along the hippocampal gyrus to the uncus of the temporal lobe. 

2. The fasciculus uncinatus (Fig. 670), which is strongly curved, unites the orbital surface 
of the frontal lobe and the temporal pole, and in so doing courses in the floor of the anterior 


*It does not fall within the scope of this outline to give an exact account of everything known regarding the 
cerebral fibers. Only the most important tracts will be discussed. 

+ Since the majority of the projection fibers belong to the so-called corona radiata (see below), they are also termed 
coronal fibers. 
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Fics. 670 and 671.—The most important association tracts of the brain. 
In Fig. 670 the fibers are projected upon the external; in Fig. 671 upon the mesial surface of the hemisphere 
(schematic). 


part of the lateral cerebral fissure, that is to say, through the medullary substance of the gyri 
of the insula 
3. The superior longitudinal fasciculus (Fig. 670) courses in the lateral portion of the semi- 
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oval center over the dorsal surface of the lenticular nucleus and between the gyri of the insula 
and the claustrum, from the frontal lobe through the operculum to the occipital and the posterior 
part of the temporal lobe. 

4. The inferior longitudinal ces (Fig. 671) connects the occipital lobe with the pole 
of the temporal lobe, coursing parallel with the inferior cornu of the lateral ventricle. 

II. Commissural Fibers.—The commissural tracts are mainly represented by the corpus 
callosum, in addition to which only the anterior (not the posterior) and the hippocampal com- 
missures are true commissures. 

1. The corpus callosum has already been considered, as regards its external relations. Its 
fibers are divided into frontal, parietal, occipital, and temporal portions (see page 147). 

2. The anterior commissure (Figs. 624, 632, 644, 648, and 650) is a horizontal, circular, 
sharply defined bundle, whose middle portion is situated in the anterior wall of the third ventricle 
in front of the columns of the fornix. Thence the commissure describes a curve, concave pos- 
teriorly, coursing along the inferior surface of the lenticular nucleus, its main, posterior portion 
passing to the temporal lobe, and its weaker, anterior portion extending to the olfactory lobe. 
Only that part of the commissure which lies in the anterior wall of the third ventricle is free ; 
the remaining part is hidden in the substance of the hemisphere and is only visible in cross-section. 
The temporal, main portion of the commissure connects the hippocampal gyri of opposite sides. 

3. The hippocampal commissure (see page 148) connects the two hippocampi. It is closely 
related to the fornix (see below) and is, therefore, also known as the transverse fornix. 

III. The Projection Fibers.—The cerebral fibers known as projection fibers course 
from the cerebral cortex to deeper lying structures of the brain, and thus most of them pass through 
the internal capsule, where they form the so-called corona radiata. By corona radiata is meant 
the masses of fibers radiating into the cerebrum as the continuation of the cerebral peduncles, 
both the tracts coming through the base of the peduncles and those coming through the teg- 
mentum, to which are added paths whose course is confined to the cerebrum itself and which 
come from the thalamus. As the fibers of the corona radiata pass from the internal capsule 
to the different portions of the cerebral cortex, they decussate extensively with the fibers of the 
corpus callosum radiation, and in the corona as well as in the callosal radiation, frontal, parietal, 
occipital, and temporal portions may be recognized. 

The projection fibers represent paths of different lengths. The longest are the motor paths, 
which run from the cerebral cortex without interruption to the medulla oblongata and especially 
to the spinal cord, the longest fibers of these paths passing from the central region of the cortex 
to the inferior portion of the cord. ‘The sensory paths are decidedly shorter, but also vary con- 
siderably in length; the longest are the cerebropontile tracts. 

The most important parts of the corona radiata are as follows: 

1. The motor path of the brain consists of two main portions, the pyramidal or cerebro- 
spinal (corticospinal) tract and the motor tract of the cranial nerves, the corticobulbar tract. 

(a) The cerebrospinal tract fibers (Figs. 642 and 672 to 675) arise in the cortex of the para- 
central lobule and from the upper part of the central convolution. They occupy the anterior two- 
thirds of the posterior limb of the internal capsule and pass through the base of the cerebral 
peduncle, where they occupy the interval between the two cerebropontile tracts, through the pons 
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Fic. 672.—A schematic representation of some of the chief cerebral tracts. 

Upon the left the entire cerebral hemisphere has been represented; upon the right, only the corpus striatum’ and 
lenticular nucleus. The right cerebellar hemisphere is supposed to have been removed. ‘The following structures are 
indicated: the dentate nucleus of the cerebellum (black); the nuclei of the fasciculus gracilis, fasciculus cuneatus, and 
olive (blue); the red nucleus of the tegmentum (blue dotted); the pons nuclei (violet). The tracts represented are: the 
pyramidal tracts (red); the optic radiation (red dotted); the posterior columns of the spinal cord, the decussation of the 
fillet and its continuations, the central tegmental tract and the cerebello-olivary fibers (blue); the peduncle of the thalamus 
(blue dotted); the cerebellopontile, the cerebropontile, andthe lateral cerebellar tract (violet). 
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Fic. 674.—A horizontal section of the brain. 

Upon the left side the section passes through the thalamus; upon the right, one centimeter deeper, through the 
corpora quadrigemina and the hypothalamic nucleus. In the left internal capsule are indicated the chief fasciculi of the 
corona radiata; the motor tracts are red (including the motor cerebral nerves); the sensory tracts blue, especially the cere- 
bropontile tracts; the occipitothalamic, radiation, violet. The frontal cerebropontile tract and the optic radiation are 
shown as far as their radiation into the cerebral cortex. 


and the medulla oblongata to the pyramidal decussation. Here an incomplete decussation takes 
place, the main mass of fibers passing on the opposite side of the cord and terminating at different 
levels in the anterior gray column of that side, while a smaller, uncrossed part remains on the 
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original side as the anterior pyramidal tract (see page 116), and later on undergoes a crossing 
in the anterior white commissure. 

(b) The corticobulbar tract has its origin (so far as is known) in the lower portion of the 
central convolutions, passes through the genu of the internal capsule and through the base of 
the cerebral peduncle to the various nerve nuclei situated in the opposite side of the medulla. 
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Decussation of pyramids 
Fic. 675.—Certain tracts of the brain, particularly of the corona radiata, introduced into an outline of 
Fig. 642. 


The pyramidal tracts are red; the cerebropontile and central tegmental tracts are blue. 


2. The cerebropontile tracts (Figs. 672 to 675) connect the cerebral cortex with the nuclei 
of the pons (see page 175). They are divided into two separate portions, the frontal and occipito- 


temporal cerebropontile tracts. 
(a) The fibers of the frontal cerebropontile tract arise in the cortex of the frontal lobe and 


pass through the anterior limb of the internal capsule and the medial portion of the base of the 
cerebral peduncle to the pons. 
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(b) The fibers of the posterior or occipitotemporal cerebropontile tract have their origin in 
the cortex of the temporal and occipital lobes and pass through the posterior limb of the internal 
capsule and the lateral portion of the base of the cerebral peduncle to the pons nuclei. 

3. The (Central) Tegmental Radiation—The majority of these fibers also pass through 
the internal capsule, lying in its posterior peduncle between the pyramidal tract and the posterior 
cerebropontile tract; a part of the radiation, however, takes its course through the lenticular 
nucleus and does not unite with the other fibers until later. The various fibers terminate in 
the cortex of the parietal lobe and come partly from the red nucleus of the tegmentum. A part 
of the fibers which take their course through the medullary lamelle of the lenticular nucleus 
pass medially, at its base, partly to the ventral portion of the thalamus, partly to the hypothalamus 
(hypothalamic nucleus), and also continue onward to the red nucleus and the substantia nigra 
of the tegmentum and to the corpora quadrigemina. These fibers are collectively spoken of as 
the lenticular ansa, and together with the lower part of the inferior peduncle of the thalamus 
(see below) form the peduncular ansa (Fig. 646). 

4. The thalamic peduncles (thalamocortical tract) form the connection between the thalamic 
ganglia and the cortex, and may be divided, according to their distribution, into an anterior, 
superior, posterior, and inferior thalamic peduncle. Together with fibers coming from the 
corpora quadrigemina and the lateral geniculate body they form the fibers passing to the cuneus 
of the occipital lobe and known as Gratiolet’s optic radiation (Fig. 672), which passes through 
the most posterior portion of the posterior limb of the internal capsule. 

In addition to these a number of less important tracts of the corona radiata, some of which are not yet thoroughly 
understood, pass from the cortex of the auditory center in the temporal lobe to the posterior corpora quadrigemina and 
the medial geniculate body, and others pass in a reverse direction, as the tegmental tract, from the cortex to the red 


nucleus. Furthermore, fibers passing from the cortex to the caudate and lenticular nuclei, and from these to the 
thalamus and hypothalamus, are known as the radiation of the corpus striatum. 


PATHS OF THE RHINENCEPHALON,* THE HYPOTHALAMUS, AND EPITHALAMUS. 


The paths of the rhinencephalon (Fig. 634) connect the primary centers of the olfactory lobe with the secondary 
centers in the hippocampal gyrus. They include the Jateral olfactory strie (see page 146), the medial longitudinal stria 
of the corpus callosum, and the olfactory bundle of the hippocampus, which has its course partly in the tract of the 
fornix. ; 

To the fibers of the rhinencephalon belongs also the fornix, whose anatomical relations have been described above. 
It may be regarded as the coronal fasciculus of the hippocampus and rhinencephalon, just as the anterior commissure 
may be regarded as the commissural fasciculus (see page 178), and the cingulum (see page 176) (at least some of its 
longest fibers) as the association bundle, and a transverse connection of both cortical olfactory centers is also formed by 
the so-called transverse fornix or hippocampal commissure. In addition the fornix contains fiber tracts which come 
from the lateral longitudinal striz: of the corpus callosum and are known as the long fornix. The fornix fibers have 
their origin in the hippocampus and in the dentate gyrus and terminate mainly in the cells of the mammillary body. 

Furthermore, fiber tracts run from the primary olfactory center to the deeper portions of the brain, such as the 
diencephalon, mesencephalon, and even the spinal cord. 

In the region of the hypothalamus a few larger tracts, some of which are easily recognized macroscopically, may 
be found in relation with the mammillary body. The thalamomammillary fasciculus, mentioned above (page 159), 
arises from larger medial ganglion of the mammillary body and radiates into the anterior thalamic nucleus; a part of 
its fibers, however, passing as the tegmentomammillary fasciculus (Gudden’s tegmental fasciculus) to the tegmentum of 
the cerebral peduncle. 


* What is described anatomically as the rhinencephalon is the primary center of the olfactory radiation. The 
secondary or cortical center is to be found in the hippocampal gyrus. 
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In the habenular ganglion of the epithalamus, the fasciculus retroflexus (Meynert’s) bundle arises, and passes thence 
to the interpeduncular ganglion.* 


THE FIBER. TRACTS OF THE CEREBELLAR MEDULLARY SUBSTANCE, 


In the cerebellum, also, there are association fibers which connect the various cortical regions, 
and the connections of the cerebellum with the remaining portions of the brain are, as has already 
been indicated, through the cerebellar peduncles. The brachia conjunctiva contain fibers 
which arise in the dentate nucleus and pass partly to the red nucleus and partly to the thalamus, 
after undergoing decussation (see page 161); the brachia of the pons connect, the pons nuclei 
with the cortex of the opposite cerebellar hemisphere; but the restiform body has a much more 
complicated structure. 

It is composed of the following fiber tracts: 

I. Those that terminate in the cerebellar cortex and are situated in the lateral portion of 
the restiform body. They are: 

1. The cerebellospinal fasciculus ascending from the cord (see page 116). 

2. Smaller fibers coming from the arcuate nuclei and the nuclei of the lateral fasciculus 
proprius. ie 

3. Fibers from the nuclei of the posterior fasciculi, both of the same and the opposite side.f 

4. The cerebello-olivary fibers (Figs. 666 and 672) which arise from the nuclei of the inferior 
olives of both sides, and form the main mass of the fibers of the restiform body which terminate 
in the vermis. 

II. Those that end in the cerebellar nuclei, especially in the nucleus fastigii, and are regarded 
as sensory cerebellar paths, since they communicate with the sensory cerebral nerves. They 
lie in the medial portion of the restiform body and are divided into: 

1. The direct sensory cerebellar tract, consisting of root fibers of various sensory cerebral 
nerves, especially of the trigeminus, which pass directly to the nucleus fastigii. 

2. The indirect sensory cerebellar tract, consisting of fibers which connect the nuclei of 
the sensory cranial nerves in the medulla with the nucleus fastigii. 


THE FIBER TRACTS OF THE BRAIN STEM, 


In addition to the tracts mentioned above, which traverse the brain stem to a greater or less 
extent, such as the pyramidal and cerebropontile tracts, there are important paths belonging to 
the brain stem itself, and of these the most important is the fillet or lemniscus (Figs. 651, 652, 
664 to 669, and 672), whose position has been already discussed (see page 172). Its fibers have 
their origin in the nuclei of the posterior fasciculi (nucleus gracilis and nucleus cuneatus), and as 


* [As indicated above, the fasciculus retroflexus is probably to be regarded as a portion of the olfactory system, 
the habenular ganglion being in connection with the rhinencephalon by means of the tenia thalami. To the interped- 
uncular region, in which the fasciculus retroflexus terminates, fibers also pass from the auditory and optic centers, and 
all these three sensory tracts will find in this region possibilities for connection with the medial longitudinal bundle, which, 
with its prolongation in the spinal cord, the sulcomarginal bundle, may represent a direct reflex path for special sense 
stimuli.—Ep.] 

+ These fibers pass partly directly to the cerebellum and partly decussate with the lemniscus fibers in the raphe 
of the medulla and then pass as external arcuate fibers (see page 173) over the ventral surface of the medulla to the 
restiform body. 
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internal arcuate fibers pass toward the median line, cross in the decussation of the lemniscus, 
and further on in the raphé of the medulla oblongata, and form the ventral part of the interolivary 
stratum of the lemniscus. In the region of the pons, more precisely in the ventral portion of 
its dorsal part, they form a more compact bundle and diverge more and more from the median 
line, and the tract known as the medial lemniscus * penetrates into the tegmentum of the cerebral 
peduncle and through it to the lateral thalamic nucleus. ‘This tract is strengthened partly by 
fibers ascending directly from the cord, and especially by fibers which come from the sensory 
nuclei of the trigeminal, glossopharyngeal, and vagus nerves. 

In addition to the medial lemniscus, a special tract lying dorsal to it, the medial longitudinal 
jasciculus, must be mentioned. It extends as a longitudinal bundle, situated close to the median 
line (see page 176), from the mesencephalon (nucleus of the medial longitudinal fasciculus, page 
159) to the spinal cord. It is strengthened considerably by fibers coming from the so-called 
Deiter’s nucleus or nucleus of the lateral vestibular nerve, which, crossing the median line, pass 
in the fasciculus of the opposite side, partly centrifugally to the spinal cord and partly centripetally 
to the mesencephalon. In addition the median longitudinal fasciculus communicates by numer- 
ous collateral branches with the nuclei of the nerves of the eye muscles.T 

The remaining tracts of the brain stem, the lateral lemniscus included, are either parts of 
cranial nerve paths or have been already mentioned in the description of the restiform body 
(page 183). 


NUCLEI AND PATHS OF THE CRANIAL NERVES. 


As a conclusion to the description of the brain the origins and courses of the twelve pairs 
of cranial nerves may be briefly described: 

1. The first or oljactory nerve passes in the form of numerous soft, gray, non-medullated 
fibers through the lamina cribrosa of the ethmoid into the upper part of the nasal cavity (see 
Vol. Il, page 87). Its fibers arise from the olfactory cells of the nasal mucous membrane 

2. The optic nerve (Figs. 647 and 649) arises from the optic chiasma, the optic part of the 
hypothalamus. This represents an incomplete decussation of the two optic tracts, which enter 
the thalamus and metathalamus by two roots.. The origin of the optic nerve-fibers is in the 
ganglion cells of the retina and from these the fibers pass through the optic nerve to the chiasma, 
where most of them cross and traverse the optic tract to the primary optic centers, which are in 
the pulvinar, superior corpora quadrigemina, and lateral geniculate body (see pages 157, 158, 
and 159). + 

3. The oculomotor nerve (Figs. 676 and 677) is purely motor. It arises at the floor of the 
cerebral aqueduct from a shorter, small-celled median and longer, larger-celled lateral nucleus. 
Its fibers pass through the tegmentum to the sulcus of the oculomotor nerve, where they unite 
to form the nerve trunk. The nerve on either side contains not only fibers from the median 
nucleus, but also from both lateral nuclei. 

* The lateral lemniscus (fillet) is a part of the acoustic path (see page 187). 

T See footnote on page 183. 

t There are also fibers in the optic nerve which pass from the retina directly to the cortex of the cuneus (the sec- 


ondary optic center) without traversing the primary centers, and others which arise from the primary centers and pass 
centrifugally to the retina. 
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4. The trochlear nerve (Figs. 676 and 677) is also purely motor, and has its origin in the 
nucleus of the trochlear nerve situated in the floor of the cerebral aqueduct. The roots of both 
sides cross in the anterior medullary velum, forming the decussation oj the trochlear nerves, and 
make their exit on either side, lateral to the frenulum of the anterior medullary velum. 

5. The trigeminal nerve (Figs. 676 to 678) consists of a smaller motor part, the portio minor 
and a larger sensory part, the portio major. The motor root arises from a main nucleus lying 
in the dorsal part of the pons, and also as a descending (mesencephalic) ramus from the 
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Fic. 676.—The nuclei of the second to the twelfth cerebral nerves schematically introduced into Fig. 660. 
Sensory nuclei, blue ; motor, red. Of the sensory nuclei, those of the optic and vestibular nerves are violet ; 
that of the cochlear nerve, blue. The motor nuclei are depicted upon the left, the sensory upon the right. 


nucleus of the descending root in the mesencephalon and from cells of the locus cceruleus. Its 
root fibers form the minor portion (see page 194). 

The sensory fibers arise from the semilunar (Gasserian) ganglion (see page 194) in a manner 
similar to the roots of the sensory spinal nerves (see page 121). The fibers enter the substance 
of the pons and here divide into ascending and descending fibers; the former go to the sensory 
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main nucleus in the pons, while the latter form the spinal tract and pass to its nucleus, which is 
the caudal prolongation of the nucleus situated in the pons, and as the gelatinous substance 
(Rolando) extends into the cervical part of the spinal cord. For its connections with the cere- 
bellum, see page 183. From the sensory nucleus the fibers pass to the thalamus by way of the 
medial lemniscus. 

6. The abducens nerve (Figs. 668, 676, and 677), also a purely motor nerve, arises from 
the nucleus of the abducens nerve situated in the rhomboidal fossa (see page 175). Its root 
fibers pass ventrally to make their exit at the lower border of the pons. 
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Fics. 677 and 678.—Representations of the nuclei of the second to the twelfth cranial nerves, as viewed 
from the left and from the right. 


In Fig. 677 the motor nuclei and roots are indicated in red (the root fibers of the hypoglossal nerve, red dotted); 
in Fig. 678 the sensory nuclei and roots are colored blue, except that of the vestibular and optic nerves, which are violet. 


7. The facial nerve (Figs. 668, 676, and 677) is purely motor and arises from the nucleus 
of the facial nerve in the dorsal part of the pons. Its root fibers arch around the abducens nucleus, 
and a distinction is made between the first part of the root, which ascends dorsomedially from 
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the nucleus to the region of the facial colliculus; the internal genu, which forms the bend just 
below the surface of the rhomboidal fossa; and the ventrally directed second part of the root, 
which emerges. between the posterior border of the pons and the upper border of the 
olive. 

7a. The intermediate nerve (nerve of Wrisberg) courses for a distance along with the facial 
nerve. It is sensory (see page 205) and arises in the geniculate ganglion of the facial nerve and 
passes by its centripetal nerve prolongations to the nuclei of the glossopharyngeal nerve, and 
especially to the nucleus of the solitary tract.* 

8. The auditory nerve (Figs. 667 and 676 to 678) consists of two parts with decidedly different 
origins, the cochlear and vestibular nerves. ~ 

The cochlear nerve is a sensory nerve which arises from the spiral ganglion of the cochlea 
(see page 284). The centripetal continuations of the nerve cells of the ganglion enter the upper 
portion of the medulla close to the exit of the facial nerve and pass to the ventral acoustic nucleus, 
which represents the ventral cochlear nucleus, and to the ganglion cells of the acoustic tubercle, 
the dorsal cochlear nucleus. From these nuclei the cochlear path passes as the lateral lemniscus 
to the medial geniculate body and the posterior corpora quadrigemina, and is composed of— 
1. The trapezoid body, a path coming from the ventral nucleus and crossing the median line 
(see page 176); 2. The medullary strie of the rhomboidal fossa and some neighboring fibers, 
which curve around the restiform body’and before entering the lateral lemniscus pass to the 
opposite olive, decussating in the raphé. 

The vestibular nerve has its origin in the vestibular ganglion, and its fibers pass to the brain 
together with those of the cochlear nerve and with them enter the medulla oblongata, in which, 
however, they pass to different nuclei, which form the dorsal nucleus of the acoustic nerve. Four 
of these nuclei can be recognized, a medial nucleus, lying in the acoustic area of the rhomboidal 
fossa, a neighboring superior nucleus (Bechterew’s nucleus), a more lateral and somewhat deeper 
lateral nucleus, and the spinal nucleus, which extends to the lower end of the medulla oblongata. 
The fibers passing to the latter nucleus are known as the spinal acoustic root. A part of the root 
fibers of the vestibular nerve go directly to the cerebellum ‘(see page 183). 

g and to. The glossopharyngeal and vagus (Figs. 676 to 679) are mixed nerves, and have 
common nuclei in the medulla. Each consists of a motor and a sensory part, the motor part 
of both nerves arising in the motor nucleus of the glossopharyngeus and vagus in the floor of 
the rhomboidal fossa and from the nucleus ambiguus. 

The sensory fibers come from the superior and petrosal (IX) and the jugular and nodose (X) 
ganglia, whose centripetal processes pass partly to the nucleus of the ala cinerea, and partly 
descend as the solitary tract, to the nucleus of the solitary tract. From these fibers pass to the 
thalamus in the medial lemniscus. 

11. The accessory nerve (Figs. 676 and 677) is purely motor. Its nucleus is narrow and 
elongated and extends from the fifth or seventh cervical segment of the spinal cord, where it 
appears as a group of ganglion cells in the lateral portion of the anterior gray column, upward 
to the middle part of the medulla, where its nucleus is situated in the lateral portion of the reticular 


*[The intermediate nerve is usually regarded as the sensory part of the facial nerve, which then belongs to the 
category of mixed nerves.—ED.] 
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Fic. 679.—The dura mater with its arteries and sinuses, the veins of the orbit, and the course of the 
twelve pairs of cerebral nerves through the dura mater. 
The left orbit has been opened. Upon the right the tentorium cerebelli has been removed, the commencement 
of the transverse sinus opened, and the dura mater excised along the emerging nerves and the middle meningeal artery. 
* — Meningeal nerve and anastomosis with the spinal nerve. ** = Cut edge of tentorium. 


formation. The root fibers emerge as a number of small bundles from the region of the lateral 
funiculus.* 

12. The hypoglossal nerve (Figs. 676 and 677) is also motor, and its nucleus is situated in 
the trigone of the hypoglossal nerve in the rhomboidal fossa. The root fibers pass ventrally between 
the medial accessory olive and olive to the groove between the pyramid and olive. 


THE MEMBRANES OF THE BRAIN. 

In the brain we recognize the same membranes as in the spinal cord—namely, the dura 
mater, the arachnoid, and the pia mater. 

The encephalic dura mater (Figs. 589 and 679 to 681), although it is practically a direct 
extension of the spinal dura from the foramen magnum, differs from it by being somewhat thicker, 
and especially because at the same time it forms the inner periosteal layer of the cranium, and 
is thus formed of two lamin, the periosteal and the dural, which are for the most part com- 
pletely fused. 

The dura mater has a shining whitish color and is composed of crossed oblique and longitu- 
dinal fibers, and lies closely upon the inner surface of the cranial fossa, of which it takes an exact 
impression. It varies somewhat in thickness; where it passes through foramina of the skull 
with vessels and nerves it decreases remarkably in thickness, forming sheaths for the emerging 
nerves. 

In addition to forming an internal lining for the cranium, it has three processes which extend 
between separate portions of the brain and partly serve as supports for it. The whole surface 
of the dura facing the cranial fossa, as well as both surfaces of the flat processes, are quite smooth 
and glossy, while the surface lying next the cranial bones and serving as their periosteum is 
uneven and rough, especially at the base of the cranium, where it is more closely adherent to 
the bone than on the inner surface of the roof, numerous small blood-vessels penetrating from 
the dura mater into the cranial bones. 

In certain regions the two laminz of the dura separate to enclose smooth cavities and canals, 
of which the most important are the sinuses oj the dura mater, the large blood-vessels of the dura 
mater (see page 85). Another large cavity of the dura is the space which encloses the semilunar 
ganglion of the trigeminal nerve, the so-called Meckel’s cavity. A large dural process extends 
into the subarcuate fossa of the temporal bone and fills its cavity completely. 

Special formations of the encephalic dura mater are: 

1. The Diaphragma Selle (Fig. 679).—While a thin lamina of dura covers the floor of the 
sella turcica, a lamina perforated at the center extends transversely across it and connects the 
anterior and posterior clinoid processes; this is the diaphragm oj the sella. It separates the 


* [The accessory nerve is morphologically a portion of the vagus, and bears to that nerve somewhat the same rela- 
tion that the descending or mesencephalic root of the trigeminus does to its nerve.—ED.] 
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hypophysis from the rest of the brain, except for its connection through the infundibulum, which 
passes through the central perforation, the foramen oj the diaphragm. 

2. The Falx Cerebri (Figs. 589, 680, and 681).—This is the largest of the three processes 
projecting from the dura into the cranial fossa, and is attached by one border to the dura of the 
roof of the skull, while the other concave border is free. It forms a sickle-shaped sagittal plate, 
which dips into the longitudinal cerebral fissure and terminates with its free edge just above the 
surface of the corpus callosum. Its anterior end is fastened to the crista galli of the ethmoid, 
its upper convex border separates into two diverging laminz, which are attached to the frontal 
crest and to the borders of the sagittal sulcus down to the cruciate eminence, and with the parietal 
dura they bound the superior sagittal sinus (see page 85). The free concave border, which 
lies above the corpus callosum, is considerably shorter than the upper convex border, since 
anteriorly it is attached to the crista galli and posteriorly it unites with the upper surface of the 
tentorium (see below). Along this line of attachment also the two laminz of the dura separate, 
and with the surface of the tentorium form the straight sinus (see page 85). 

3. The tentorium (Figs. 589 and 679 to 681) is a roof-like plate of dura stretched over 
the posterior cranial fossa and separating the cerebellum from the inferior surface of the 
cerebral hemispheres. It has its origin on either side, first, from the superior angle of the pyramid 
of the temporal bone, and, while passing over the foramen lacerum, also from the posterior clinoid 
process, and second, from the upper border of the transverse sulcus. The two halves of the 
tentorium meet at an oblique angle in the median line, forming a low roof-like ridge with which 
the posterior portion of the lower border of the falx cerebri unites. In front of this union the 
two halves of the tentorium are separated by an oval opening, bounded anteriorly by the sella 
turcica and laterally and posteriorly by the free medial border of the tentorium. In this opening, 
the tentorial notch, lie the pons and quadrigeminal plate of the cerebrum, the posterior border 
of the notch corresponding to the posterior end of the transverse cerebral fissure. The upper 
surface of the tentorium is moderately convex, the lower concave, and along its line of attachment 
it forms anteriorly the superior petrosal sinus, and posteriorly the transverse sinus (page 85). 

The falx cerebelli (Fig. 589) is a short process of the dura mater, broad above and narrow 
below, which projects into the posterior cerebellar notch and the vallecula between the two cere- 
bellar hemispheres. It has its origin at the internal occipital crest and is attached above to the 
tentorium. In its lower portion it diminishes very rapidly in height and ends frequently in 
two diverging limbs. 

The encephalic arachnoid (Figs. 680 and 681) is a delicate membrane, resting upon the brain. 
In contrast to the pia mater it passes over all the depressions of the brain surface, not only 
over its fissures, but also over the deep groove and cavities of the base of the brain. Its external 
surface is separated from the dura only by a narrow space, the subdural cavity, but from the pia 
mater, which fits tightly upon the surface of the brain, it is partly separated by relatively large 
spaces, while at other prominent portions of the surface both laminz lie close together. The 
space which separates the pia mater from the arachnoid is the arachnoideal. cavity, containing 
the arachnoideal fluid or the external cerebro-spinal fluid *), and is separated into a number of 
large portions, which communicate with one another and are separated by relatively short intervals. 


* The real cerebrospinal liquor is that which fills the internal cavities of the central nervous system. 
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The wide recesses of the subarachnoideal space are situated especially where the arachnoid 
bridges depressions of the surface of the brain, and they are known as the subarachnoidal cisterns. 
_Of these, the following bear special names: 

1. The cerebello-medullary cistern lies between the medulla oblongata and the cerebellar 
hemispheres and corresponds to the cerebellar vallecula, which it covers. 

2. The cistern of the lateral cerebral fossa over the fossa of that name. 
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3. The interpeduncular cistern corresponds to the interpeduncular fossa, and communicates - 
with the following: 

4. The chiasmatic cistern is between the optic chiasma and the rostrum of the corpus callosum. 

5. The cistern of the great cerebral vein is posterior and inferior to the body of the corpus 
callosum and superior to the quadrigeminal plate. 

The arachnoidal granulations (Pacchionian bodies) are villus-like outgrowths of the arach- 
noid, which may be found especially on the surface of the cerebrum along the sagittal sinus, 
but may also occur near the transverse sinus over the cerebellum. In normal development 
they project into the sinus, but if strongly developed, as they frequently are in old age, they may 
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pierce the dura mater and produce granular foveole (see Vol. I, page 44) on the inner surface 
of the cranial roof. ; 

The encephalic pia mater (Figs. 680 and 681) is thinner than the spinal pia mater and resem- 
bles it in its relation to the surface of the brain only in the region of the brain stem. In this 
region the pia is tougher than elsewhere and fits tightly to the surface of the brain, but it may 
easily be stripped from the surface of the cerebral and cerebellar convolutions. It penetrates 
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into all the surface fissures and lines them, and in it the larger and medium-sized blood- as well 
as lymph-vessels of the brain have their course. 

Among the special formations of pia mater are, in the first place, the chorioidal plexuses 
(Figs. 636, 638, 641, 646, and 681) already mentioned, which are folds of pia mater containing 
a rich vascular plexus, which project into the ventricles of the brain. Generally, they appear 
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in the form of much-twisted bands, which, judging from their development, must be regarded as 
folds of pia mater. They are separated from the ventricular cavity by the epithelial chorioidal 
laminz which cover their surfaces with all their projections and indentations. The more minute 
relations of the various plexuses have already been described in the description of the brain 
itself. In the second place the chorioid tela must be mentioned. ‘They are duplications of the 
pia mater, which complete the wall of parts of the ventricles where no nerve tissue is developed. 
Here also, the pia mater is not directly in contact with the ventricular cavity, but is separated 
from it by an epithelial lamina. 


‘THE BLOOD VESSELS OF THE BRAIN AND THE VESSELS AND NERVES OF ITS MEMBRANES. 


The arteries of the brain (Figs. 548 and 549) come partly from the internal carotid and partly from the vertebral 
artery (See pages 30 and 35). Both anastomose with one another, as well as with the arteries of the other side of the 
brain, more extensively than is the case with any other artery of the body, the four large cerebral arteries, which are the 
sole supply of the brain, forming double anastomoses with one another, which lie in the region of the arterial circle (see 
page 37). On the other hand, the arteries coming from the pia and penetrating even into the substance of the brain 
are so-called terminal arteries, that is, they have only a capillary anastomosis. The branching of the arteries always 
takes place from the pia mater, that is, from the free surface, and the gray substance of the brain, like that of the spinal 
cord, has an extraordinarily rich blood-supply, while the white substance is relatively poorly supplied. 

The veins of the brain (Fig. 590) do not follow the course of the arteries, and differ from the other veins of the 
body by opening into the sinuses of the dura mater (see page 88). 

True lymphatic vessels, so far as is known, are not found in the brain. The perivascular sheaths are regarded 
as lymph spaces, as are also the subarachnoideal and subdural spaces. 

The blood vessels of the membranes are divided into those of the dura mater and those of the pia mater. The 
latter are identical with those of the brain; the arachnoid has no vessels and the arteries of the dura (Fig. 679) are known 
as meningeal arteries. Their course is in its external layer, next to the bone, on which they leave furrows. They arise 
as follows: 1. From the middle meningeal artery of the internal maxillary (page 28), the main artery of the meninges; 
2. The anterior meningeal from the anterior ethmoidal (page 32), to the dura in the anterior cranial fossa; 3. The pos- 
terior meningeal from the ascending pharyngeal (page 24) for the dura near the jugular foramen; 4. The mastoid men- 
ingeal branch of the occipital (page 25) for the dura of the posterior cranial fossa; 5. The meningeal branch of the ver- 
tebral (page 36) for the dura about the foramen magnum. 7 

The meningeal veins only partly follow the course of the arteries (double meningeal veins (page 89) accompanying 
the middle meningeal artery). Many small meningeal veins open into the dural sinuses directly, and they anastomose, 
as do the dural sinuses, with the external cranial veins and with the veins of the diploe through emmissary veins. 

Lymphatic vessels are found in the pia mater only. 

The nerves of the pia mater are very delicate; those of the dura are more numerous. ‘The latter originate mainly 
from the three branches of the trigeminus, and are thé tentorial nerve from the ophthalmic division, the meningeal from 
the maxillary division, and the recurrent spinous nerve from the mandibular division. The meningeal branch of the 
vagus also supplies the dura mater. 


THE PERIPHERAL NERVOUS SYSTEM. 


The peripheral nervous system comprises the ramifications of the nerves which emerge 
from the brain and spinal cord, that is to say, the ramifications of the twelve cerebral and thirty-one 
spinal pairs of nerves. The system may be divided, therefore, into the cerebral and the spinal 
nerves. 

THE CEREBRAL NERVES. 


According to the usual enumeration there.are twelve pairs of cerebral nerves, the olfactory 
nerves, being together considered as one, and the intermediate nerve being regarded as part of 
the facial. The twelve cerebral nerves are then as follows: 
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Z, The olfactory nerve. 7. The facial nerve (+ the intermediate). 
2. The optic nerve. 8. The acoustic nerve. 

3. The oculomotor nerve. 9. The glossopharyngeal nerve. 

4. The trochlear nerve. to. The vagus nerve. 

5. The trigeminal nerve. 11. The accessory nerve. 

6. The abducens nerve. 12. The hypoglossal nerve. 


Of these, the purely motor nerves are: the oculomotor, the trochlear, the abducens, the 
facial (without the intermediate), the accessory, and the hypoglossal. Three are sensory: the 
olfactory, the optic, and the acoustic; the remaining three, the trigeminal, the glossopharyngeal, 
and the vagus, are mixed. The origin of these nerves in the brain, as well as their exit, has already 
been discussed; their course and ramification from the base of the brain are now to be described. 
Since the three sensory nerves will be discussed with the respective sense organs in this chapter, 
the other nine nerves only need be considered here. 


THE NERVES OF THE EYE MUSCLES, 


The third, fourth, and_sixth cerebral nerves go to the eye muscles and represent their motor 
nerves. They resemble anterior roots of the spinal nerves and are homologous to them. 

The oculomotor nerve (Figs. 546, 547, 679, 682, and 683) arises at the base of the brain 
by root filaments which appear in the sulcus of the oculomotor nerve. ‘These form at first a 
flat, and then a rounded, nerve which passes between the posterior cerebral and superior cerebellar 
arteries. It pierces the dura mater on the medial side of the posterior clinoid process and enters 
the cavernous sinus (page 86), in which it passes forward and a little laterally to the superior 
orbital fissure, lying lateral to the internal carotid artery and anastomosing by delicate rami 
with the carotid sympathetic plexus. It enters the superior orbital fissure on the lateral side 
of the optic nerve, but lies medial to the abducens and inferior and medial to the ophthalmic 
nerve. 

In the superior orbital fissure the nerve divides into an upper, weaker, and a lower, stronger 
branch. The superior ramus passes above the optic nerve to the levator palpebree superioris 
and to the superior rectus muscles, the stronger inferior ramus branches below the optic nerve 
and gives off rami to the inferior rectus, the medial rectus, and inferior oblique, and it also gives 
a short, but rather strong, branch to the ciliary ganglion, the short root of the ciliary ganglion. 

The trochlear nerve (Figs. 546, 547, 670, 682, and 683) leaves the brain close to the 
frenulum of the anterior medullary velum (see page 160). It isa very long and very thin nerve, 
which, before entering the orbital cavity, has a remarkably long course. From its origin from 
the rhombencephalic isthmus the nerve winds about the brachia conjunctiva and cerebral pedun- 
cle to the ventral side of the brain, where it comes to view between the pons and the medial border 
of the temporal lobe. It then pierces the dura mater behind the posterior clinoid process and 
passes through a narrow canal in the upper lateral wall of the cavernous sinus. In so doing 
it crosses the oculomotor nerve at its entrance into the dura mater, having been to the lateral side 
of that nerve up to the point mentioned, and it then comes to lie medially and above the semilunar 
ganglion of the trigeminal and the ophthalmic nerve. In the orbital cavity the trochlear nerve 
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Fic. 682.—The nerves and arteries of the orbit (superficial layer). 

The roof of the orbit, the periorbita, and the upper portion of the outer wall have been removed. The dura mater 
has been divided along the middle meningeal artery and in the neighborhood of the semilunar ganglion and of the orbital 
nerves. *— Accessory vessels to the lachrymal gland from the zygomatico-orbital branch of the anterior deep temporal 
artery. ** — Orbital fat. ’ 

Fic. 683.—The nerves and arteries of the orbit (second layer). 

The dissection the same as in Fig. 682, except that the greater protion of the frontal branch of the ophthalmic 
nerve has been excised, the orbital fat on the outer side partly removed, and the rectus superior and levator palpebre 
superioris drawn to one side. 


lies quite superficial, below the periorbita of the roof of the cavity, and passes forward and 
medially to the superior oblique muscle, into which it enters from above and medially. 

The abducens nerve (Figs. 546, 547, 679, 682, and 683) leaves the brain in the fissure between 
the anterior end of the pyramid of the medulla oblongata and the posterior border of the pons. 
It penetrates the dura mater in the posterior cranial fossa, or more precisely, on the lateral surface 
of the clivus, and sinks into the cavernous sinus, through which it passes for a long distance 
almost horizontally, lying closely lateral to the internal carotid artery, and so reaches the superior 
orbital fissure. It is a comparatively large nerve, being twice the thickness of the trochlear, and 
sends several fibers to the sympathetic plexus of the internal carotid. From the anterior end of 
the cavernous sinus it enters the orbit below and lateral to the ophthalmic nerve and courses below 
the lachrymal nerve, in the upper part of the orbital cavity, to the medial surface of the lateral 
rectus muscle, which it supplies. 


THE TRIGEMINAL NERVE. 


The trigeminal nerve (Figs. 541 to 547, 591, 592, 679, 682 to 687, and 689 to 692) is the 
strongest of all the cerebral nerves; it emerges from the brain at the anterior border of the base 
of the brachium of the pons and is divided into a weaker motor portion, the portio minor, and a 
stronger sensory portion, the portio major. The root fibers of the portio major are collected into a 
reticular flat fasciculus, while the minor portion, in the form of a more compact bundle, rests upon 
the medial surface and the anterior border of the sensory root. The nerve trunk so formed 
passes anterolaterally through -an elongated, oblique opening of the dura mater at the root of the 
tentorium, behind the posterior clinoid process, and comes to lie in Meckel’s cavity of the dura, 
a flat space situated lateral to the cavernous sinus, whose floor is formed by the trigeminal impres- 
sion on the pyramid of the temporal bone, covered by dura mater. Here the portio major enters 
a flat, plexiform, somewhat triangular ganglion, the semilunar (Gasserian) ganglion (Figs. 546, 
547, 623, 679, 682, 683, 689, and 690), which is rather closely united to the dura mater. As 
is the case with the spinal ganglia, with which the semilunar ganglion is homologous, only the 
sensory root takes part in its formation, and only its fibers having their origin in the ganglion 
(see page 186). The motor minor portion passes by the ganglion, just as the motor roots of the 
spinal nerves pass the spinal ganglia, and courses obliquely over its medial surface, in order to 
unite with the third branch coming from the ganglion. 

From the lateral anterior border of the semilunar ganglion three flat nerve stems make 
their exit, which at first continue to show the plexiform character of the trunk. The most anterior 
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part of the nasal cavity; the second branch ramifies in the posterior part of the nasal cavity, 
in the external nasal region, the upper lip, the lower eyelid, the palate, the teeth of the upper 
jaw, and in a part of the skin of the temporal region; the third branch passes by its sensory main 
portion to the lower lip, cheek, the teeth of the lower jaw, the tongue, and the skin of the 
temporal region. 

The main branches, as well as the different rami of the trigeminal nerve, have numerous 
anastomoses with neighboring nerves, by which, for example, motor fibers may enter originally 
purely sensory parts of the nerve. In addition to the semilunar ganglion there are in the course 
of the ramifications of the nerve several other smaller ganglia, belonging to the sympathetic 
system. 

THE FIRST BRANCH, THE OPHTHALMIC NERVE. 

The ophthalmic nerve (Figs. 546, 547, and 682 to 684) arises from the anterior end of the 
semilunar ganglion and passes to the superior orbital (sphenoidal) fissure along with the nerves 
to the eye muscles in the lateral wall of the cavernous sinus, lateral to the internal carotid artery, 
from whose sympathetic plexus it receives several nerve fibers. Before entering the superior 
orbital fissure it gives a recurrent branch, the fentorial nerve (Fig. 499), which is a slender branch 
that curves around the trochlear nerve and for a short distance is closely connected with it 
and then passes into the tentorium, between whose folds it ramifies, extending to the transverse 
sinus. In the superior orbital fissure the ophthalmic nerve lies below and medial to the trochlear, 
above and lateral to the oculomotor, and lateral to the abducens nerve, and it divides into three 
branches, the strongest of which is the flattened frontal nerve, which continues in the direction of 
the trunk, while laterally is the much weaker lachrymal nerve and medially the nasociliary nerve. 

1. The frontal nerve (Fig. 682) lies immediately below the periorbita of the roof of the 
orbital cavity and above the levator palpebre superioris. In the anterior portion of the orbit it 
divides into three terminal branches. 

(2) The supraorbital nerve (Figs. 541, 542, 591, 682, 691, and 692) is the largest branch, 
and represents the direct continuation of the trunk. It is the most lateral of the three branches, 
and, in company with the artery of the same name, passes through the supraorbital notch 
or foramen to the skin of the forehead, where it anastomoses with the frontal ramus, with the 
auriculotemporal nerve (from the third branch. of the trigeminus) and with the greater occipital 
nerve (from the cervical plexus). In its course the nerve pierces the orbicularis oculi muscle, 
previously giving a small branch to the frontal bone. 

(b) The frontal ramus (Figs. 541, 542, 591, 682, 691, and 692) is, according to size and 
location, the middle branch of the frontal nerve. It courses with the artery of the same name 
through the frontal notch, and ascends exactly like the preceding nerve to the medial part of the 
skin of the forehead and anastomoses mainly with the preceding nerve and the supratrochlear. 

(c) The supratrochlear nerve (Figs. 541, 542, 591, 682, 691, and 692), by far the most siender 
of the three branches, runs medially toward the pulley of the superior oblique muscle and, uniting 
with the infratrochlear ramus of the nasociliary nerve, passes over the pulley to the skin of the 
medial side of the upper eyelid and to the glabella. 

2. The lachrymal nerve (Figs. 546 and 682) runs with the corresponding artery, super- 
ficially, below the roof of the orbit in the space between the superior and lateral rectus muscles, 
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to the superior lachrymal gland, and then passes between the lobules to the lower gland and to 
the conjunctiva and skin of the upper eyelid at the lateral angle of the eye. In addition it gives 
off a delicate branch which anastomoses with the zygomatic nerve of the second branch of the 
trigeminus. 

3. The nasociliary nerve (Figs. 546, 547, 682, and 683) at first courses along the lateral 
side of the optic nerve, then crosses it obliquely, and runs between it and the superior rectus. 
It then passes through the medial portion of the orbit, lying close to the ophthalmic artery, across 
which it passes obliquely, and between the superior oblique and the medial rectus muscles it 
divides into its two terminals. The nerve ramifies in the orbit, especially in the eyeball, which 
it supplies with sensory nerves, and in the nasal cavity. Its branches are: 

(a) The long root oj the ciliary ganglion (Figs. 546 and 683) is a delicate, frequently double 
nerve filament which arises from the first part of the nerve, where it crosses the optic nerve. 
It represents the sensory root of the ciliary ganglion. 

(0) The long ciliary nerves (Fig. 546) are usually several delicate threads which pass along 
the superior surface of the optic nerve to the eyeball and may divide before entering it (see Sense 
Organs). 

(c) The posterior ethmoidal nerve (Figs. 546 and 547) accompanies the corresponding artery 
into the posterior ethmoidal cells and the sphenoidal sinus, whose mucous membrane it supplies. 
It arises from the portion of the trunk lying at the medial side of the orbit. 

(d) The anterior ethmoidal nerve (Figs. 546 and 547) is much larger than the preceding 
one. It leaves the stem of the nasociliary nerve at a right angle and passes through the anterior 
ethmoidal foramen to the surface of the cribriform plate of the ethmoid, and, accompanied by the 
corresponding artery, it sinks through one of the anterior foramina of the plate into the nasal 
cavity, where it courses along the posterior surface of the nasal bone in a groove bearing its 
name. A few of its branches pass to the external skin of the nose and the majority to the nasal 
mucous membrane, the former being called the external (Fig. 592) and the latter the znternal nasal 
ramt, the internal rami being also known as the anterior nasal rami (Figs. 544 and 545), in 
contrast to the posterior nasal rami coming from the’second division of the trigeminus. They- 
ramify in the anterior part of the lateral nasal wall, as the anterior lateral nasal nerves, as well 
as in the anterior part of the nasal septum, these latter rami being known as the anterior medial 
nasal nerves. ‘The external nasal ramus passes through the nasal bone or under its inferior 
border (between the bone and cartilage) to the external skin of the nose. 

(e) The small, thin infratrochlear nerve (Figs. 541, 542, 547, 501, 592, 691, and 692) is the 
real terminal branch of the nasociliary nerve. With the terminal branch of the ophthalmic artery 
it passes beneath the trochlea of the superior oblique, anastomoses with the supratrochlear, and 
is divided into a smaller, superior palpebral ramus, which, in company with the latter nerve, goes 
to the upper eyelid, and a larger inferior palpebral ramus, which supplies the lower eyelid, the 
lachrymal gland, and the conjunctiva, as well as the bridge of the nose. 


THE CILIARY GANGLION. 


In the orbit there is a small, flat, round, or often three- or four-cornered gray ganglion about 
2 or 3 mm. in size; it is the ciliary ganglion (Figs. 546 and 682). It lies in the fatty tissue of 
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the posterior portion of the orbit, lateral and close to the optic nerve, medial to the abducens, 
and a little superior to the inferior ramus of the oculomotor nerve. Like the optic nerve itself. 
jt is covered by the superior rectus, the levator palpebre superioris, and the superior ramus of 
the oculomotor, so that it lies fairly deeply in the orbital cavity. Usually it has a somewhat 
elongated form, branches from its anterior end passing to the eyeball, and its roots entering at 
its posterior end. It has three roots, a motor, a sensory, and a sympathetic. The motor root 
is formed by the short root of the ganglion from the oculomotor nerve; it is the largest of the roots 
and enters at the posterior inferior angle of the ganglion, furnishing the motor fibers for the inner- 
vation of the muscles of the interior of the eyeball. The sensory root is the Jong root and arises 
from the nasociliary nerve; it is weaker than the preceding, and enters the ganglion at the posterior 
superior angle. Together with it or close to it, several sympathetic nerve fibers from the internal 
carotid plexus, which first course along the ophthalmic artery, enter the posterior border of the 
ganglion, forming its sympathetic root or roots. 

The branches which leave the ganglion at the anterior border are known as the short ciliary 
nerves. They course with the long ciliary nerves along the optic nerve, lying partly beneath 
and partly on the lateral and superior surfaces of the nerve, to the posterior border of the eyeball, 
which they enter by piercing the sclera. They are mixed nerves in contrast to the purely sensory, 
long ciliary nerves. 


THE SECOND DIVISION OR MAXILLARY NERVE. 


The second division of the trigeminal is the maxillary nerve (Figs. 684, 687, and 689). It 
is a little larger than the ophthalmic and is a flattened, oval, at first somewhat plexiform nerve, 
which passes through the foramen rotundum after becoming almost circular in outline, and so 
reaches the pterygopalatine (sphenomaxillary) fossa, where it divides into two main branches. 
The continuation of the trunk is the injra-orbital nerve, which passes almost in a straight course 
to the face, while the remaining portions, the sphenopalatine nerves, enter the sphenopalatine 
ganglion as its main sensory root, and thence pass to the palate and nasal cavity. Still another 
slender branch, the meningeal nerve (middle), passes from the trunk of the nerve into the cranial 
cavity, and in the middle cranial fossa anastomoses with the spinous nerve of the third division 
(Figs. 679 and 682). 

I, THE INFRA-ORBITAL NERVE.* 


The infra-orbital nerve (Figs. 684, 686, and 689) is a strong, purely sensory nerve, which 
passes from the pterygopalatine (sphenomaxillary) fossa through the inferior orbital (spheno- 


maxillary) fissure into the orbital cavity, and then, following the course of the infra-orbital sulcus 
and canal, ramifies on the face. 


Its branches are: 

1. The zygomatic nerve (Figs. 689, 691, and 692) leaves the trunk as a rather weak branch 
in or even in front of the inferior orbital fissure, and, passing through the fissure, courses along 
its lateral wall to the zygomatico-orbital foramen, where it anastomoses with the anastomotic 
ramus of the lachrymal nerve. Passing through the zygomatico-facial canal of the zygomatic 
(malar) bone, it emerges upon the face as the zygomatico-jacial ramus and is distributed to the 


* By some authors the nerve is termed infra-orbital only after it has entered the orbit. 
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upper part of the cheek and the neighboring part of the lower eyelid, and also as the zygomatico- 
_ temporal ramus it passes through the zygomatico-temporal canal of zygomatic (malar) bone, 
then through the temporal fascia, often divided into several branches, to the skin of the anterior 
part of the temporal region and the lateral half of the forehead. . 

2. The superior alveolar nerves are divided into three groups: 

(a) The posterior superior alveolar nerves (Figs. 543, 687, and 689) are given off from the 
trunk of the infra-orbital nerve while it is still in the pterygopalatine fossa, and go through the 
alveolar foramina of the tuberosity of the maxilla into the corresponding canals, so reaching 
the roots of the upper molar teeth. With the following groups they form the superior dental 
plexus. 

(b) The middle group consists of the middle superior alveolar nerve (Fig. 689), which arises 
from the trunk in the infra-orbital canal and passes through a separate, small, bony canal in the 
wall of the maxillary sinus to the roots of the middle teeth and to the superior dental plexus. 

(c) The anterior superior alveolar rami (Fig. 689) form the anterior group. They do not 
leave the trunk until it has reached the anterior portion of the infraorbital canal, and they course 
in the anterior wall ofthe maxillary sinus to the superior dental plexus. 

The superior dental plexus (Fig. 689), which is formed by the superior alveolar nerves, lies 
between the two thin, bony lamelle which bound the maxillary sinus above the roots of the teeth. 
It is formed by anastomoses of slender nerve filaments, which give rise to coarser upper and 
finer lower loops, lying on the roots of the teeth. Usually, also, a small branch passes to the 
plexus from the sphenopalatine ganglion. From the superior dental plexus arise, first, the 
superior dental rami, which pass to the various roots of the teeth of the upper jaw; second, the 
superior gingival rami, which supply the gums, piercing partly the alveolar septa and partly 
the anterior surface of the maxilla; third, branches to the maxillary sinus; and fourth, branches 
from the anterior part of the plexus to the lower nasal passage in the region of the incisive 
canal and to the inmer surface of the ala of the nose (internal nasal rami). From the posterior 
superior alveolar nerves several branches pass directly to the posterior part of the upper gum 
and to the neighboring part of the buccal mucous membrane. 

3. The terminal branch of the infra-orbital nerve (Figs. 541 to 543, 591, 592, 687, 691, and 
692) passes through the infra-orbital foramen, under cover of the quadratus labii superioris and 
divides immediately into a number of diverging branches. The injerior palpebral rami pass to 
the lower eyelid and anastomose with branches of the zygomatico-facial and infratrochlear nerves; 
the external nasal rami pass to the skin of the middle part of the nose and anastomose with the 
external nasal ramus of the anterior ethmoidal nerve; and the superior labial rami pass to the 
skin and mucous membrane of the upper lip. 


Il. THE SPHENOPALATINE GANGLION. 

The sphenopalatine ganglion (Figs. 684 to 686, and 68g) is a rounded, triangular ganglion 
lying in the pterygopalatine fossa close to the sphenopalatine foramen. It is suspended loosely 
from the trunk of the maxillary nerve by the (second and third) sphenopalatine nerves, which form 
its sensory root. In addition to this main root it receives a second, the nerve of the pterygoid canal 
(Vidian nerve), which passes through the corresponding canal of the pterygoid process of the 
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Fic. 685.—The nerves and vessels of the nose. (Deep layer, the sphenopalatii 

Dissection as in Fig. 545. In addition the pterygopalatine and pterygoid canals have been 
of the temporal bone sawn obliquely, and the tongue removed. *—Pterygoideus internus. 

Fic. 686.—The otic and sphenopalatine ganglia. 

Dissection as in Fig. 685. In addition the greater portion of the body of the sphenoid has b 
and palatine foramina opened, the temporal bone sawn away at the jugular foramen, the pterygoic 
and the soft palate cut away. + (White upon the middle meningeal artery) = the lesser superficial pe 
close to the ganglion. 


sphenoid, and really consists of two nerves usually very closely united in their cc 
canal, one of which is the motor, the other the sympathetic root of the gang! 
part of the nerve is the greater superficial petrosal nerve, a branch of the genicula 
205) of the facial nerve. It courses through the groove named after it in the a 
the pyramid of the temporal bone, then through the sphenopetrosal fissure (or 
and then it crosses the internal carotid artery and enters the posterior aperture 
canal. ‘The second component of the nerve is the sympathetic root of the gangl 
as the deep petrosal nerve. It arises from the internal carotid plexus and passes | 
lacerum to the pterygoid canal, in which it unites with the preceding to form 
pterygoid canal. 

The branches of the sphenopalatine ganglion are: 

1. Small orbital rami to the orbit, which enter through the inferior orbital fi 
the smooth musculature of the orbit and the periorbita. A longer branch unites \ 
ethmoidal nerve and helps in the supply of the mucous membrane of: the spher 

2. To the nasal cavity: 

(a) The posterior superior lateral nasal rami (Figs. 544 and 545) enter thre 
palatine foramen and pass to the mucous membrane of the superior nasal m 
superior and middle nasal conch and also to that of the sphenoidal sinus and 
ethmoidal cells. A few delicate fibers also pass posteriorly to the uppermos 
pharyngo-nasal cavity. 

(b) The posterior superior medial nasal rami (Fig. 544) also enter through th 
foramen and ramify in the mucous membrane of the posterior part of the n 
longer branch, known as the nasopalatine (Scarpa’s) nerve passes obliquely | 
septum from above and behind, downward and anteriorly, to the incisive car 
sends some slender filaments which anastomose with the corresponding nerve ¢ 
and also with the terminals of the anterior palatine (see below) and superior 
forming with them a small plexus through which it takes part in the innervatio 
the upper incisors. 

(c) The posterior inferior nasal rami (Figs. <aa and.cac). which sunplv + 
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3. To the palate. The branches from the sphenopalatine ganglion going to the palate 
pass along with the descending palatine artery through the pterygopalatine canal. In this they 
divide into several’ branches, invested by a common sheath, these making their exit from the 
canal through the palatine foramina. ‘These branches are: 

(a) The anterior palatine nerve, the strongest of the set, which passes through the anterior 
palatine foramen and ramifies with the greater palatine artery in the mucous membrane of the 
hard palate, reaching the incisive canal, where it anastomoses with the nasopalatine nerve (see 
above). 

(b) The middle palatine nerve is much weaker than the preceding and passes through one. 
of the minor palatine foramina; it ramifies in the mucous membrane above the palatine tonsil 
and partly in the velum of the palate. 

(c) The posterior palatine nerve also passes through one of the small palatine foramina 
and in the palatine velum ramifies not only in the mucous membrane, but also in the levator veli 
palatini and muse. uvule. It, therefore, contains motor fibers for the muscles, which are supposed 
to enter the nerve by way of the great superficial petrosal, originating, that is to say, from the 
facial. 

THE THIRD DIVISION OR MANDIBULAR NERVE. 

The mandibular nerve (Figs. 543, 592, 684, 686, and 687) is the only one of the three divisions 
of the trigeminus which contains motor fibers from its origin onward, since the motor portio 
minor becomes associated with the sensory portio major as it comes from the semilunar ganglion. 
In the foramen ovale through which it leaves the cranial cavity, both parts, sensory and motor, 
blend to form a single nerve stem, which is the largest of the three trigeminal branches and pre- 
serves its reticular character long after leaving the semilunar ganglion. Shortly after its exit 
from the foramen, the third division, just as the other two, gives off a fine branch to the dura 
mater, the spinous nerve, which enters the cranium with the middle meningeal artery through 
the foramen spindésum. It is a recurrent nerve (the inframaxillary recurrent nerve of Arnold), 
and anastomoses in the middle cranial fossa with the meningeal nerve from the second division. 

The Otic Ganglion.—Just below the foramen ovale, at and attached to the medial side of © 
the mandibular nerve, a small, elongated ganglion, the ofic ganglion (Fig. 686), occurs. Frequently 
it has a plexiform character, being only poorly defined, and is connected with the trunk of the 
mandibular nerve as well as with several of its branches. The rami which pass from the trunk 
of the mandibular nerve to the otic ganglion are regarded as forming its motor root, while the 
sensory root is represented by the lesser superficial petrosal nerve. ‘This is really the continuation 
of the tympanic nerve from the glossopharyngeal (see page 207), and enters the cranium by the 
superior aperture of the tympanic canaliculus, passes through the sulcus of the small superficial 
petrosal, then past the semilunar ganglion to the sphenopetrosal fissure; through this or a foramen 
in the wing of the sphenoid near the foramen spinosum (the foramen innominatum) the nerve 
passes to the posterior portion of the otic ganglion. In addition to this, sympathetic branches 
from the plexus of the middle meningeal artery (sympathetic root) pass to the ganglion, forming 
its sympathetic root. 

The otic ganglion is connected not only with the trunk of the mandibular nerve, but also very 
intimately with the internal pterygoid, the auriculo-temporal, the spinous, and the chorda tympani 
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Fic. 687.—The nerves and vessels of the face (deepest or sixth layer, the mandibular nerve). 

The dissection is the same as in Fig. 543, except that the mandibular condyloid process has been dislocated and 
the right half of the mandible almost entirely removed. The lower half of the buccinator has also been cut away. View 
from the side and from below. * = Posterior auricular nerve from facial. ** — Nerves to external auditory meatus 
from auriculo-temporal. + = Digastric branch of facial nerve. + + = Divided mylohyoideus. + + (Upon the 
artery) = cut surface of internal maxillary artery. * =Stump of sternocleidomastoid artery. 


nerves. Delicate fibers pass even to the sphenopalatine and semilunar ganglia (the medial and 
lateral sphenoidal nerves). From the otic ganglion there arise, in addition to the connections 
with the internal pterygoid nerve, two small motor branches: 

1. The nerve to the tensor veli palatint (Fig. 686), passing from the anterior border of the 
ganglion to the muscle bearing the same name. 

2. The nerve to the tensor tympani, passing from the posterior part of the ganglion into the 
musculotubar canal to the muscle from which it takes its name. 

Below the foramen ovale and the otic ganglion the mandibular nerve divides into its two 
main parts, a larger posterior sensory part, the principal portion of which forms the direct con- 
tinuation of the trunk, and a smaller, anterior, motor part, which is a very short, reticular 
stem, the masticator nerve. 


I. THE MASTICATOR NERVE. 


All of the motor fibers of the mandibular nerve are not found united in the masticator nerve,| 
for, in the first place, the nerves for the tensor veli palatini and tensor tympani come from the 
otic ganglion itself (apparently ?), and, secondly, the motor mylohyoid nerve courses for a short 
distance along with the inferior alveolar nerve. On the other hand, it contains a sensory branch, 
the buccinator, whose origin is very closely related to the nerves supplying the muscles of mastica- 
tion. The masticator nerve is divided almost immediately after its origin from the mandibular 
nerve into the following branches: 

1. The masseteric nerve (Figs. 543 and 591) passes along the posterior border of the temporal 
muscle over the external pterygoid, laterally, to the sinus of the mandible and to medial surface of 
the masseter muscle. A fine, sensory branch passes from it to the temporomaxillary articulation. 

2. The deep temporal nerves (Figs. 543 and 687), branches to the temporal muscle, are 
divided into the anterior and posterior deep temporal nerves. At first they pass rather obliquely, 
almost horizontally, between the muscle and squamous portion of the temporal bone, and then, 
accompanying the arteries, almost vertically upward over the great wing of the sphenoid, to 
innervate the temporal muscle. 

3. The purely sensory buccinator nerve (Figs. 592 and 687) is the strongest and also the 
only sensory branch of the masticator nerve. It usually arises with the temporal and external 
pterygoid nerves and passes between the heads of the external pterygoid, then between that 
muscle and the temporal, and further on, lying between the masseter and buccinator, it courses 
laterally and downward to the buccinator, which it pierces at several places to reach the buccal 
mucous membrane. A small number of branches goes to the skin of the cheek near the corner 
of the mouth. It does not take part in the innervation of the buccinator muscle, which is supplied 
by the facial nerve. 
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4. The internal pterygoid nerve (Fig. 686) does not always appear as an independent nerve, 
_but is especially closely connected to the otic ganglion (see above). It supplies the internal 
pterygoid muscle, and’ often the fibers which go to the tensor veli palatini pass for a short distance 
closely united with it. 

5. The external pterygoid nerve (Figs. 686 and 687) is often given off as several branches 
from the buccinator in which it may be enclosed. It passes to the external pterygoid muscle. 


Il. THE POSTERIOR SENSORY PORTION OF THE MANDIBULAR NERVE. 


The posterior sensory or main portion of the mandibular nerve continues in the direction 
of the trunk, but soon divides into three branches, the auriculotemporal, and the two real ter- 
minal rami, the lingual and alveolar nerves, which are the strongest branches. 

1. The auriculotemporal nerve (Figs. 541, 543, 591, 592, 686, 687, 691, and 692) arises 
from the mandibular nerve usually by two roots which embrace the middle meningeal artery, 
and it has also connecting rami from the otic ganglion. It passes at first posteriorly along the 
median surface of the temporomandibular articular capsule and then courses upward to the 
anterior surface of theexternal auditory canal, lying between the external and internal carotid 
arteries and surrounded by the lobules of the parotid gland. It is at first deeply situated, but 
gradually curves toward the surface, so that finally it comes to lie beside the superficial tem- 
poral artery between the tragus of the external ear and the root of the zygomatic arch, beneath 
the temporal fascia in which its terminal branches ramify. Its branches are: 

(a) The nerves of the external auditory meatus, two and three in number, are small rami 
which enter the auditory canal between its cartilaginous and bony portions and supply its mucous 
membrane. One branch, the ramus to the tympanic membrane, reaches the tympanic membrane. 

(b) The parotid branches pass to the parotid gland. 

(c) Anastomosing branches to the facial nerve accompany the branches of the facial nerve 
and take part in the’innervation of the skin of the face. 

(d) The anterior auricular branches pass to the skin of the lateral surface of the pinna near 
the tragus. 

(e) The real terminal branches are the superficial temporal rami. These course behind the 
superficial temporal artery up to the skin of the temples, where they anastomose with the supra- 
orbital, zygomaticotemporal, and greater occipital nerves. 

2. The lingual nerve (Figs. 543, 544, 588, 685 to 687, and 695), the sensory nerve of the 
tongue and the anterior terminal branch of the main sensory portion of the mandibular nerve, 
separates from the posterior terminal or inferior alveolar nerve just below’ the point where the 
auriculotemporal is given off, but remains in close proximity to it for some distance. Both nerves 
pass between the external and internal pterygoid muscles, medial to the internal maxillary artery, 
and in this situation the lingual nerve is joined at an acute angle by the chorda tympani, which 
passes from above downward from the petrotympanic fissure and is a branch of the facial 
(intermediate) nerve (see page 205). The lingual then separates more and more from the inferior 
alveolar by curving slightly forward and downward to the lateral border of the tongue. 

The submaxillary ganglion (Fig. 687) is connected to the trunk of the lingual nerve by 
several fibers and is a flat, somewhat triangular ganglion, about 2 mm. in length, and lies above 
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the submaxillary gland on the lateral (inferior) surface of the hyoglossus muscle. Its roots 
are (1) branches from the lingual nerve, which are really fibers from the chorda tympani,* and 
(2) sympathetic branches from the neighboring external maxillary plexus. The branches passing 
from the ganglion are (1) the submaxillary ranu, which go to the submaxillary gland and extend 
along the submaxillary duct to the sublingual glands, and (2) communicating branches to the 
lingual nerve, which pass into the peripheral part of that nerve, and in this way probably reach 
the sublingual glands. 

Before the lingual nerve forms the submaxillary ganglion it gives off— 

(a) Delicate rami to the isthmus oj the fauces, supplying the mucous membrane of the fauces, 
(b) small anastomosing rami to the hypoglossal nerve, (c) the sublingual nerve to the sublingual 
glands and the mucosa of the floor of the mouth cavity, and (d) the terminal branches, the lingual 
rami (Fig. 695), which pass to the mucosa of the tongue. They consist of several branches 
which penetrate the musculature of the lateral border of the tongue in a fan-like manner and 
ramify in the mucosa of the dorsal surface of the organ from the tip to the vallate papille. 

3. The inferior alveolar nerve (Figs. 543, 591, 592, 691, and 692), the second terminal 
branch of the sensory main part of the mandibular, passes behind the lingual nerve along the 
lateral side of the internal pterygoid, to the mandibular foramen. Before its main trunk enters 
the mandibular canal it gives off— 

(a) The purely motor mylohyoid nerve (Figs. 539, 543, 551, 685 to 687, and 700) which 
courses as a long but comparatively thin nerve in company with the corresponding arterial 
branch through the mylohyoid sulcus of the mandible, lying at first between the internal pterygoid 
and the ramus of the mandible, then along the lateral surface of the styloglossus, and further 
on between the anterior lateral border of the submaxillary gland and the mandible. Finally, 
it curves around the posterior border of the mylohyoid to the inferior surface of that muscle, 
where, accompanying the submental artery, it supplies the mylohyoid muscle and also the anterior 
belly of the digastric. 

(b) The main stem of the inferior alveolar passes in company with its artery through the 
mandibular canal, lying at first in front of and then medial to the artery, and forms the zwjerior 
dental plexus, which consists of a fine network of nerve filaments and gives rise to the i/jerior 
dental and injerior gingival rami supplying the teeth and gums. 

(c) The mental nerve is the remaining portion of the inferior alveolar which does not pass 
into the dental plexus. It leaves the mandibular canal through the dental foramen and divides 
under cover of the triangularis and quadratus labii inferioris into numerous branches, which 
pass as mental rami to the skin of the chin and as imjerior labial rami to the mucous membrane 
and skin of the lower lip. 


THE SEVENTH CEREBRAL OR FACIAL NERVE. 
The jacial nerve (Figs. 541, 542, 591, 691, 692, 684, and 688 to 690) emerges between the 
posterior border of the pons and the upper end of the olive from the uppermost part of the 
medulla and is purely motor at its origin. In the internal acoustic meatus, through which it 


* The chorda tympani is the continuation of the intermediate nerve. In addition to it the mandibular nerve 
receives fibers from the glossopharyngeal through the lesser superficial petrosal, these probably being gustatory fibers. 
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leaves the cranium, it receives the intermediate nerve, which has its origin close to it in the 
brain. Lying in the facial canal it traverses the petrous portion of the temporal bone, and after 
‘its exit from this it begins its real ramification. It is the motor nerve of almost all muscles of 
the head except those of mastication and the muscles of the tongue. 

1. At the first bend of the canal below the hiatus (see Vol. I, page 43) a small triangular 
ganglion, the geniculate ganglion (Figs. 684, and 688 to 690) occurs in the course of the nerve, 
formed by the intermediate nerve (see page 187), which from this point onward courses with the 
facial nerve. Since the facial nerve, as well as the canal, makes a rectangular bend at the ganglion, 
this point is termed the (external) * geniculum oj the facial nerve (Figs. 801 to 804). From the gan- 
glion arises the greater superficial petrosal nerve, which passes to the spheno-palatine ganglion as 
described above. Probably this nerve contains fibers passing not only from the facial to the 
maxillary nerve, but also reversely, and thus carries sensory fibers from the trigeminal to (the 
peripheral part of) the facial; it forms, therefore, a mutual anastomosis. Also arising from 
the geniculate ganglion there is an anastomotic ramus to the tympanic plexus (see page 207). 

2. During its further course through the facial canal, shortly after passing the prominence, 
the facial nerve gives off a stapedial branch which passes to the corresponding muscle of the 
auditory apparatus. 

3. Also, in the vertical terminal portion of the canal, the chorda tympani (Figs. 684, 686 to 
688, 690, 803, and 804), that is to say, the peripheral end of the sensory intermediate nerve, 
is given off. This is a long, thin nerve which passes through its canal obliquely upward to the 
tympanic cavity, which it enters through the tympanic aperture of the canal for the chorda tympani. 
In the cavity it passes between the short process of the incus and the neck of the malleus (see 
Sense Organs), and, with the anterior ligament of the malleus, leaves the tympanic cavity through 
the petrotympanic fissure. Then, as described above (see page 203), it joins the lingual nerve, 
which it leaves partly at the submaxillary ganglion and partly in the trunk of the sublingual 
nerve. 

After its exit from the facial canal the facial nerve describes an arch, convex inferiorly, 
around the external acoustic meatus, and traverses the substance of the parotid gland in which 
it branches extensively, forming the parotid plexus. Before forming this plexus it sends off a 
few smaller branches: 

4. The posterior auricular nerve (Figs. 541, 542, 591, and 697) arises just below the stylo- 
mastoid foramen and passes behind the ear and along the anterior border of the mastoid process 
to the posterior auricular muscle, also supplying the transverse and oblique auricular and the 
antitragicus muscles. Its terminal branch, the occipital ramus, passes to the occipital muscle. 

5. The digastric branch (Fig. 591) arises just below the preceding and supplies the posterior 
belly of the digastric, and by the stylohyoid ramus the neighboring stylohyoid muscle. 

6. The anastomotic ramus to the glossopharyngeal nerve is a fine branch, which often pierces 
the stylohyoid, and passes to the ninth cerebral nerve. 

7. The parotid plexus (Figs. 541, 542, 691, and 692) is formed in the substance of the 
parotid gland by looped anastomoses of the separate branches of the facial. It is completely 
imbedded in the parotid gland, but lies much nearer to its medial than to its lateral surface. The 


* The internal genu of the facial nerve is in the rhomboidal fossa (see page 175). 
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Fic. 689.—The second branch of the trigeminal nerve, the sphenopalatine ganglion, the intracranial 
portion of the facial nerve, and the tympanic nerve. 

The orbit has been opened by a sagittal section through its outer portion, its contents removed, the pterygoid canal 
opened, and the temporal bone sawn obliquely, exposing the tympanum and the facial canal. * — External pterygoid 
plate. ¥* = Infra-orbital nerve with the overlying zygomatic nerve. -- = Carotico-tympanic nerve. * +- = Anastomosis 
between great superficial petrosal and tympanic nerves. -+ + == Anastomosis between facial and tympanic nerves. 
Fic. 690.—The intracranial portion of the facial nerve. 

The facial canal has been opened and the tympanum exposed from behind. 


facial nerve usually enters the gland by two strong branches, which ramify among the lobules 
and are connected with one another by loops, thus producing a wide-meshed network. From 
this plexus a varying number of rami, partly large and partly small, diverge anteriorly, superiorly, 
and inferiorly to innervate the muscles of the face proper and the platysma. These branches 
anastomose with neighboring sensory branches, especially with those of the trigeminus, in such 
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Fic. 688.—The intracranial course of the facial nerve and its communications schematically introduced 
into Fig. 4 (Vol. I). 


a way that the branches of the trigeminus may carry motor fibers of the seventh, and the latter, 
sensory fibers of the fifth to the neighboring muscles or portions of the skin or mucosa. 

From the parotid plexus of the facial the following branches, enumerated from below upward, 
arise: 

(a) The ramus colli (Figs. 691, 692, 698, and 699) appears at the anterior border of the parotid 
gland and passes through the submaxillary region and carotid fossa to the medial surtace of 
the platysma. It forms a constant anastomosis with the cutaneous cervical nerve (see page 214). 

(6) The marginal mandibular ramus appears above the preceding between the lobules of the 
gland, and is often double. It courses parallel to the base of the mandible (covered by the platysma) 
to the chin, and ramifies in the triangularis, quadratus labii inferioris, and mentalis muscles. 
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(c) The buccal rami, two to five in number, pass transversely across the lateral surface 
of the masseter, partly near the parotid duct, and ramify mainly in the buccinator, zygomaticus, 
and quadratus labii superioris, caninus, orbicularis oris, and nasalis muscles. 

(d) The zygomatic rami, two to three in number, pass parallel to the zygomatic arch, 
in company with the transverse facial artery, to the orbicularis oris, and partly also to the zygo- 
maticus and quadratus labii superioris. 

(e) The temporal rami appear in the form of two or three medium-sized rami at the superior 
border of the parotid gland and innervate the anterior and superior auricularis, the small muscles 
of the lateral face of the pinna, the orbicularis oculi, and the frontalis. 


THE NINTH AND TENTH CEREBRAL NERVES, THE GLOSSOPHARYNGEUS AND VAGUS. 


The glossopharyngeus and vagus are closely related in several respects, for they arise together 
from common nuclei in the medulla oblongata (page 187) and they leave the medulla together 
at the lateral border of the olive, a separation of their roots before they reach the jugular foramen 
being often impossible. Both are mixed nerves, they innervate a common region and both are 
visceral nerves. 

THE GLOSSOPHARYNGEAL NERVE. 

The ninth cerebral nerve or glossopharyngeus (Fig. 693), while still in the region of the 
jugular foramen, forms a ganglionic enlargement, the superior ganglion of the glossopharyngeal, 
and after its exit from the cranium, after receiving a sympathetic branch from the superior cervical 
ganglion, it forms the small round petrosal ganglion, lying in the petrosal fossa of the temporal 
bone. From this ganglion one of the most important branches has its origin: 

1. The tympanic nerve (Figs. 688 to 690 and 693) passes from the petrosal fossa through 
the tympanic canal into the tympanic cavity, and ramifies on its medial wall, especially on the 
promontory, in the form of the tympanic plexus (Jacobson’s) plexus. In this region the branches 
of the tympanic nerve communicate with the anastomosing ramus of the facial and with two 
branches of the internal carotid plexus, the superior and inferior caroticotympanic nerves, 
which enter the tympanic cavity through similarly named canals. From this plexus arises, 
in addition to numerous fine branches for the tympanic mucosa and a tubal ramus for the mucosa 
of the tuba auditiva, the lesser superficial petrosal nerve, which leaves the tympanic cavity through 
the superior tympanic canaliculus and passes to the otic ganglion (page 2or). 

From the petrosal ganglion branches also pass to the trunk of the vagus and a fine ramus 
passes deeply into the jugular fossa to anastomose with the auricular branch of the vagus. 

The trunk of the glossopharyngeus below the petrosal ganglion lies at first close to the 
vagus and then diverges from it to come to lie upon the medial surface of ‘the stylopharyngeus 
muscle. It then lies in front of the jugular vein and passes between the internal and external car- 
otid arteries to the lateral wall of the pharynx. At the insertion of the stylopharyngeus it bends 
forward and laterally, and, with the styloglossus, reaches the lateral border of the tongue, where 
its terminal ramification takes place. The other branches of the glossopharyngeal are: 

2. The stylopharyngeal ramus, which innervates the muscle of the same name. 

3. The pharyngeal rami (Fig. 693), several branches to the pharyngeal plexus in whose 
formation vagus and sympathetic fibers also have a part. 
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Fic. 693.—The nerves and vessels of the posterior and external walls of the pharynx. 
Upon the right side are shown the veins and the arteries; upon the left side only the nerves and some of the arteries. 
The posterior portion of the skull has been removed by a section passing through the jugular foramina. The sym- 
pathetic nerves are shown only upon the right side. 


4. The tonsillar rami to the palatine tonsil. 

5. The lingual rami (Figs. 544, 545, 694), the true terminals, pass to the root of the tongue, 
especially to the lingual follicles and between them, by numerous fine branches, to the vallate 
papilla. They carry taste fibers from the taste buds and also supply the anterior surface of 
the epiglottis. 

THE TENTH CEREBRAL OR VAGUS NERVE. 


The vagus nerve (Figs. 538, 539, 551, 693, and 700) derives its name from its extraordinarily 
long course, being the only cranial nerve that reaches the abdominal cavity, and, with the sym- 
pathetic system, it represents the principal visceral nerve. It leaves the medulla together with 
the glossopharyngeus, forms the small jugular ganglion in the jugular foramen, and communi- 
cates with the glossopharyngeal and the sympathetic nerve. Below the jugular foramen the 
large nerve trunk lies behind the glossopharyngeus, but in front of the internal jugular vein and 
spinal accessory nerve, and in this region it communicates not only with the glossopharyngeus, 
but also with the hypoglossal nerve, and receives the so-called internal branch of the spinal acces- 
sory (see below). Strengthened by this and with the aid of a large sympathetic nerve, the jugular 
nerve (see below), the vagus forms at the level of the transverse processes of the first and second 
cervical vertebre, the reticular ganglion nodosum (nodosal plexus). This is almost 2 cm. long 
and lies in the groove between the internal carotid artery and the internal jugular vein. The 
nerve passes down the neck between and behind these two vessels, below the hyoid bone, 
between the common carotid artery and internal jugular vein, and close to the sympathetic 
trunk. 

At its entrance into the thoracic cavity the nerve has these same relations. On the left 
side it then passes downward with the common carotid artery lying laterally to it and in front 
of the left subclavian artery, to the arch of the aorta, over which it passes; on the right side it 
follows down the lateral side of the innominate artery and passes in front of the right subclavian 
artery, but behind the ascending aorta. \In the thoracic cavity each nerve comes to lie behind 
the corresponding innominate vein and passes behind the bronchus of its side to form the pul- 
monary plexus, and then, descending along the cesophagus, the right vagus somewhat posterior 
and the left anterior to it, it passes through the diaphragm to the stomach, where it terminates 
by forming the gastric plexus. 

In its course the vagus may be divided into four portions: 

1. The cranial portion, 2. The cervical portion, 3. The thoracic portion, and 4. The 
abdominal portion. 

The cranial portion has only unimportant branches: 

1. The meningeal ramus, a small, very fine branch, which passes from the nerve as it lies in 
the jugular foramen to the dura mater of the posterior cranial fossa. 

2. The auricular ramus (Figs. 541 to 543, 591, 592, and 691 to 693), a slender but very long 
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nerve, which is somewhat peculiar in its relations. It arises from the jugular ganglion and passes 
at first into the jugular fossa, and then enters the mastoid canaliculus (see Vol. I, page 56), in 
‘ which it courses and anastomoses with the facial nerve. It then enters the external acoustic meatus 
through the tympanomastoid fissure and ramifies in the posterior wall of the cartilaginous portion, 
and in the skin of the concha of the ear. It is the only sensory branch on the face which arises 
from a cerebral nerve other than the trigeminal. 

The cervical portion is characterized by possessing the nodose ganglion and by forming 
numerous connections with almost all the neighboring nerves. Notwithstanding its long course 
in the neck it sends out branches from the nodose ganglion only, and from this only a single 
large nerve, the superior laryngeal. The remaining part, below the ganglion, usually has no 
branches. The branches of the cervical portion are: 

1. An anastomotic ramus to the glossopharyngeus (Fig. 693). 

2. The pharyngeal rami (Fig. 693), several fine rami coming from the ganglion nodosum, 
which course along the internal carotid artery to the lateral and posterior walls of the pharynx, 
where they communicate with the corresponding branches of the glossopharyngeal (page 207) 
and sympathetic nerves to form the pharyngeal plexus. From this the pharyngeal constrictors 
are supplied, as well as the mucosa of the pharnyx. A fine branch extends to the levator veli 
palatini. 

3. The superior cardiac rami (Fig. 693), long slender branches which arise partly from 
the ganglion nodosum and partly from the trunk of the following nerve, and pass downward 
along the common carotid artery to the cardiac plexus (see below). 

4. The superior laryngeal nerve (Figs. 539, 693, and 694), the only large branch of the 
cervical region, arises from the lower end of the ganglion nodosum. It passes medial to and 
behind the internal and external carotid arteries and descends obliquely and medial to the lateral 
wall of the oral portion of the pharnyx, where it divides into a larger internal and a smaller external 
branch. 

(a) The external branch usually anastomoses at its origin with a superior cardiac ramus * 
and often also with the pharyngeal plexus. It courses downward along the origins of the thyreo- 
pharyngeus muscle and ramifies in that muscle and in the cricothyreoideus, so that it is essentially 
a motor nerve. 

(0) The much larger zmternal branch is purely sensory. Running along with the superior 
laryngeal artery it pierces the hyothyreoid membrane, then passes in the fold for the laryngeal 
nerve in the pyriform recess (Vol. II, page 42) to the entrance to the larynx, supplying the pos- 
terior surface of the epiglottis, the entrance of the larynx itself, and the pharyngeal mucosa sur- 
rounding it, as well as the mucous membrane of the larynx as far down as the vocal cords. 
Furthermore, behind the lateral portion of the posterior crico-arytenoid muscle it anastomoses 
with the inferior laryngeal nerve (see below). 

The thoracic portion of the vagus gives off the recurrent laryngeal nerve and also rami 


* In many animals, the rabbit for example, a special nerve arises from the superior laryngeal or vagus, which, on 
account of its physiological function, is termed the depressor nerve. In man it does not occur as an independent nerve, 
but its fibers are included in the vagus. [It is an afferent nerve, carrying impulses from the heart to the medulla oblongata, 
where they are transferred to the vasomotor centers and produce dilatation of the intestinal vessels and thereby a diminu- 
tion of the blood-pressure.—Ep.] 
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Fic. 694.—The nerves and arteries of the larynx and of the base of the tongue as seen from behind. 
The mucous membrane has been removed from the anterior pharyngeal wall and also from the tongue along the 
glossopharyngeal nerve. 
Fic. 695.—The nerves and arteries of the tongue and of the larynx as seen from below and in front. 
The veins are also shown upon the left side of the tongue; the right hyoglossus has been divided. 


for the heart and lung, and it has strong anastomoses with the superior thoracic sympathetic 
ganglion. Its branches are: 

1. The recurrent nerve (Figs. 538, 551, 694, and 726), the largest of all the branches of 
the vagus, differs in its origin on the right and left sides. On the left it arises more deeply and 
surrounds the lower and posterior surfaces of the arch of the aorta in a wide curve; on the right 
it lies somewhat higher, just below the superior thoracic aperture, and forms a gentle curve around 
the root of the right subclavian artery. Thus the right recurrent passes behind the right sub- 
clavian artery and the left behind the arch of the aorta, after which both have a common course. 
Lying behind the corresponding common carotid arteries they leave the superior thoracic aperture 
and pass upward upon the lateral surface of the trachea, in the groove between it and the 
cesophagus. In this groove the nerve passes behind the thyreoid gland up to the larnyx, to 
which it is distributed. Its branches are: 

(a) The injerior cardiac rami to the cardiac plexus; these often arise independently from 
the thoracic portion of the vagus. 

(b) The tracheal rami to the cervical portion of the trachea. 

(c) The esophageal rami to the cervical portion of the cesophagus. 

(2) The actual terminal branch, the inferior laryngeal nerve (Fig. 694) pierces the crico- 
pharyngeus, which it supplies, and comes to lie on the lateral surface of the inferior portion of the 
larynx, where it connects with an anastomosing branch from the superior laryngeal nerve and 
divides into an anterior and a posterior ramus. The anterior ramus supplies the lateral crico- 
arytenoid, the thyreo-arytenoid, and the vocal muscles; the posterior, the posterior crico-arytenoid 
and the muscles of the laryngeal opening. The inferior laryngeal nerve thus supplies all muscles 
of the larynx with the exception of the cricothyreoid, which is innervated by the external ramus 
of the superior laryngeal, and in addition it carries sensory fibers to the lower half of the larynx. 

Both laryngeal nerves, the superior as ‘well as the inferior, arise from the vagus, but their 
origins are a long distance apart, the superior arising in the upper part of the neck and the inferior 
in the thorax. 

2. The anterior and posterior bronchial rami (Figs. 538 and 726) are numerous and in part 
very strong branches of the vagus, which pass along the bronchi to the hilus of the lung, the 
posterior ones being the longer. In the hilus they form the weaker anterior pulmonary plexus 
and the stronger posterior pulmonary plexus, the latter being strengthened by branches from the 
thoracic portion of the sympathetic system; both plexuses send branches along the bronchial 
rami into the lung. The trachea also receives branches from the anterior bronchial rami at its 
bifurcation. 

After giving off the bronchial rami the trunk of the vagus becomes decidedly. weaker 
and continues its course along the cesophagus no longer in the form of a single nerve, but as 
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THE NERVOUS SYSTEM. 2II 


several anastomosing stems termed the anterior and posterior esophageal chords ; the continuation 
of the left vagus is upon the anterior surface, that of the right, along the posterior surface of the 
cesophagus. By the anastomoses of the separate stems and by the branches which they send 
to the thoracic portion of the cesophagus, the smaller anterior and larger posterior esophageal 
plexuses arise. 

The abdominal portion of the vagus consists of its terminal ramification at the stomach 
(Fig. 726). These form frequent anastomoses with the sympathetic plexuses of the abdomen 
and, together with sympathetic nerves, extend to almost all the abdominal * viscera. The 
branches are named as follows: 

1. The anterior and posterior gastric plexuses are the direct continuations of the cesophageal 
plexus upon the stomach wall and anastomose with the superior gastric sympathetic plexus 
(see below). They give off— 

(a) Gastric rami to the stomach itself. 

(b) Hepatic rami to the liver. 

(¢) Celiac rami to the ceeliac plexus. 

(d) Splenic ramz to the spleen. 

(e) Renal rami to the kidneys. 


THE ELEVENTH CEREBRAL OR ACCESSORY NERVE. 


The accessory nerve (Figs. 539, 551, 693, and 697 to 700) is a purely motor nerve, only a part 
of whose root fibers arise from the brain (medulla oblongata), the inferior ones having their origin 
in the cervical portion of the spinal cord (see page 187) and, even in the upper part of the vertebral 
canal, forming a nerve stem, which becomes larger above as it ascends parallel with the spinal 
cord and with it enters the cranium through the foramen magnum. Here it lies on the lateral 
surface of the medulla and receives additional roots from its lateral funiculus, and finally leaves 
the cranium through the jugular foramen. Directly after its exit, while lying in close proximity 
to the vagus, the nerve divides into an internal ramus, which blends with ihe vagus just below the 
jugular foramen, and an external ramus, the larger portion, composed mainly of the spinal fibers. 
The external ramus passes in front of the internal jugular vein and then backward, downward, 
and laterally to the medial: surface of the upper third of the sternocleidomastoid muscle, after 
having previously made several anastomoses with the cervical nerves. Then the accessory nerve, 
for so the external branch is frequently termed for brevity’s sake, usually pierces the muscle or 
emerges from under its posterior border and passes obliquely backward and downward through 
the supraclavicular fossa, receiving constant anastomoses from branches of the cervical plexus. 
Thus strengthened, it courses to the anterior border and surface of the trapezius, which it supplies. 


THE TWELFTH CEREBRAL NERVE OR HYPOGLOSSUS. 


The motor nerve of the tongue (Figs. 539, 551, 588, 593, 693, 695, and 700) is the hypoglossus. 
It belongs to the purely motor cerebral nerves and arises by a number of root fibers from the 
ventral surface of the medulla oblongata, between the pyramid and the olive. It leaves the 


* The vagus fibers take part in the formation of the myenteric plexus of the wall of the small intestine, and perhaps 
they even extend to the large intestine. 
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cranial cavity, through the hypoglossal canal as an almost round stem, surrounded by a venous 
plexus (the rete of the hypoglossal canal, see page 87). At first it les medial to the vagus and 
posterior to it, and also behind the internal jugular vein, with which it passes horizontally down- 
ward; then it curves around the medial side of the internal jugular and runs between it and the 
lateral surface of the internal carotid artery, to pass forward and medially, lying at first between 
the branches of the external carotid artery and the digastric muscle. Further on it crosses the 
tendon of the digastric, and, passing under cover of the common facial vein and the submaxillary 
gland, comes to lie upon the superior border of the greater cornu of the hyoid bone. On the 
Jateral surface of the hyoglossus muscle, above the mylohyoid, and separated from the lingual 
artery by the hyoglossus, the nerve passes almost horizontally forward to the tongue, the sterno- 
cleidomastoid artery winding around it at the curved middle part of its course. In its upper 
vertical portion the hypoglossus anastomoses with the ganglion nodosum of the vagus, and also 
with the superior cervical ganglion of the sympathetic and with the superior branches of the 
cervical plexus, in this manner receiving motor branches from the cervical plexus, with which 
it innervates the infrahyoid muscles, while the fibers originally belonging to the nerve pass to 
the muscles of the tongue*). The branches of the hypoglossus are: 

1. The descending ramus (Figs. 539, 551, and 700), the longest of its branches, comes from 
the posterior part of the curved middle portion of its course and really consists of fibers which 
have passed to the hypoglossus from the cervical plexus (see above). It passes downward through 
the carotid fossa, lying closely upon the anterior lateral surface of the common carotid artery 
and enclosed in a common sheath with it, to below the omohyoid muscle. It gives muscular 
branches to both bellies of the omohyoid and to the sternohyoid and sternothyreoid muscles. 
More rarely it gives off fibers, which join it through its anastomosis of the vagus, to the cardiac 
plexus, and it forms constantly an anastomosis with the cervical nerves, which is sometimes 
double and is known as the ansa hypoglossi (see page 215). 

2. The thyreohyoid ramus from the hypoglossus arises at the greater cornu of the hyoid, 
and, like the preceding ramus, consists of fibers from the cervical plexus which have joined the 
hypoglossus through its anastomosis. It is a slender branch which passes to the muscle bearing 
the same name. 

The terminal branching of the hypoglossus into the lingual rami (Figs. 544, 588, and 695) 
takes place in the floor of the mouth, above the mylohyoid muscle. Here the nerve, accompanied 
by a vein (vena comitans of the hypoglossal, page 89), divides into anumber of branches, which 
anastomose partly with one another and partly also with those of the more lateral lingual nerve 
(page 204), and pass to the geniohyoid and the remaining true muscles of the tongue. 


THE SPINAL NERVES. 


The spinal nerves may be divided, as has already been indicated (page 121), into cervical, 
thoracic, lumbar, sacral, and coccygeal nerves. 


* Sensory fibers also join the hypoglossus through these anastomoses and are carried by it to its area of distribution. 
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THE CERVICAL NERVES. 

Eight pairs of cervical nerves (Figs. 539, 551, 696 to 702, and 714) are usually recognized, 
the two nerves whith leave the spinal canal between occiput and atlas being counted as the 
first pair and those that emerge through the intervertebral foramen between the seventh cervical 
and first thoracic vertebra being regarded as the last pair. While the posterior divisions of the 
cervical nerves have no important anastomoses with one another, the anterior divisions of the 
first to the fourth unite to form the cervical plexus, and those of the fifth to the eighth form the 
much larger brachial plexus. In contrast to what occurs in other spinal nerves the posterior 
rami of the upper two cervical nerves, especially of the first, are larger than the anterior ones. 


THE POSTERIOR RAMI OF THE CERVICAL NERVES. 

The posterior rami of the cervical nerves are united in front of the semispinalis capitis by 
anastomoses which seem to be most constant in the upper nerves. Each ramus divides into 
a medial and a lateral ramus, which pass both to the muscles and to the skin of the neck. From 
the exceptionally large posterior rami of the two upper nerves are formed two nerves having 
special names: 

1. The suboccipital nerve (Fig. 696) is the (larger) posterior branch of the first cervical 
nerve and is almost purely motor, since this nerve has only a very weak posterior (sensory) root.* 
Along with the vertebral artery it enters the deep triangle of the neck formed by the rectus capitis 
posterior major, the obliquus capitis superior, and the obliquus capitis inferior, and supplies 
these muscles as well as the rectus minor, the rectus lateralis, and the semispinalis capitis. Sensory 
branches pass to the atlanto-occipital articulation. 

2. The great occipital nerve (Figs. 551, 696, 699, and 714), the large posterior branch of the 
second cervical, is for the most part. sensory. It communicates constantly with the posterior 
division of the third cervical t after curving around the inferior border of the obliquus capitis 
inferior, and branches beneath the semispinalis capitis, sending muscular branches to this muscle 
and to the multifidus cervicis and the neighboring deep muscles of the neck. The sensory main 
portion of the nerve pierces the semispinalis capitis and the superior part of the trapezius, and 
passes close to the external occipital protuberance, along the medial side of the occipital artery — 
to the skin of the occiput, sending some long, slender branches to the vertex and anastomosing 
with branches of the occipitalis minor, the auriculotemporal, and the supra-orbital nerves. 


THE ANTERIOR RAMI OF THE CERVICAL NERVES. 

The anterior rami of the cervical nerves pierce the intertransversarii muscles and then appear 
as large flat cords at the lateral border of the longus colli and rectus capitis anterior in the deeper 
parts of the neck. After receiving communicating rami from the cervical and upper thoracic 
ganglia of the sympathetic trunk, they form arched anastomoses with one another, the cervical 
anse, and these are usually succeeded in the lower cervical nerves by several more acute-angled 
anastomoses. ‘The upper four cervical anse form the cervical plexus, the lower four, together 
with the largest part of the first thoracic nerve, form the brachial plexus. 

* The first cervical nerve thus resembles the hypoglossus, whose posterior root is entirely wanting in man. 


t Sometimes this branch of the third cervical is independent and forms the third occipital nerve lying medial to 
the occipitalis major. 


214 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY, 


Fic. 696.—The deep layer of the nerves and vessels of the nuchal region. 

The semispinales capitis have been reflected and the deep nuchal triangle exposed. Upon the right side the veins 
have been left and the trapezius reflected; upon the left the trapezius has been reflected and the rhomboidei divided. 

* — Branch of dorsal scapular nerve to levator scapula. ** = Portion of the occipital vein which empties into the 
deep cervical vein. -+ = Communication between occipital and external jugular veins. -+ * = Communication between 
second and third cervical nerves (great occipital nerve). 

Fic. 697.—The superficial nerves and vessels of the left side of the neck. (First layer of neck.) 

The skin has been removed from the margin of the jaw to below the clavicle, as has also the superficial layer of 
the cervical (or nuchal) fascia behind the platysma. ** — An accessory cutaneous branch of the cervical plexus. 


THE CERVICAL PLEXUS. 


The cervical plexus (Figs. 539, 551, 697 to 700, and 702) is formed by the arched anastomoses 
of the anterior branches of the upper four cervical nerves. Since those of the two upper nerves 
are very weak, the most important branches of the plexus arise from the third and fourth nerves, 
and partly from the second. The plexus is covered by the sternocleidomastoid muscle and 
lies upon the origins of the levator scapule and the scalenus medius, behind the internal jugular 
vein. Beside giving off special branches the plexus makes communications with several of 
the cerebral nerves, as with the ganglion nodosum of the vagus, with the trunk of the hypoglossus 
(first cervical), and with the accessory nerve. Its branches are partly motor and partly sensory, 
the latter being the more important. 


I, THE SENSORY BRANCHES OF THE CERVICAL PLEXUS. 

1. The lesser occipital nerve (Figs. 541, 542, 591, 691, 692, and 697 to 700) arises principally 
from the second, but partly also from the third cervical nerve, and appears, usually only as a 
medium-sized nerve,* at the posterior border of the upper third of the sternocleidomastoid 
muscle. It courses along the posterior border of this muscle and over the mastoid process 
to the skin of the lateral occipital region. It anastomoses with the posterior branch of the 
following nerve and with the greater occipital nerve. 

2. The great auricular nerve (Figs. 541, 542, and 697 to 699) is much larger than the pre- 
ceding nerve, and arises mainly from the third cervical. It winds about the posterior border of 
the sternocleidomastoid, a little above the middle of the muscle, and then passes almost vertically 
upward over its lateral surface. It crosses the external jugular vein, at the lateral side of which 
it lies at first, and at a varying level divides into an anterior and a posterior branch. The anterior 
ramus traverses the parotid gland. and ramifies in the skin of the lateral concave side of the pinna 
and also in that of the neighboring portion of the parotideomasseteric region. The posterior 
ramus passes up behind the ear and branches on the medial surface of the pinna, also anastomosing 
by means of perforating branches with the small occipital on the concave side of the pinna, as 
well as in the skin behind and above that structure. 

3. The cutaneous cervical nerve (Figs. 697 and 698) arises from the third cervical together 
with the great auricular, and with it bends around the posterior border of the sternocleidomastoid 
and then passes forward horizontally over the lateral surface of the muscle. It is covered by 
the platysma, which it pierces by several branches; the upper ones, known as the superior rami, 


* It is always, frequently decidedly, weaker than the greater occipital nerve. 
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anastomosing with the cervical branch of the facial (superficial cervical ansa) and ramifying 
in the skin of the neck up to the chin, while the inferior rami are distributed down to the 
clavicle. . 

4. The supraclavicular nerves (Figs. 595, 697, 699, and 710) arise mainly from the fourth 
cervical, appear at the posterior border of the sternocleidomastoid as two or three stems, and 
pass, covered at first by the platysma, transversely through the supraclavicular fossa. They 
then divide into a number of diverging branches, which pass superficially over the clavicle, the 
anterior branches passing over the sternoclavicular articulation, traverse the intervals between 
the diverging bundles of the platysma, and ramify as the anterior supraclavicular nerves in the 
upper portion of the skin of the thorax, as the middle supraclavicular nerves in the skin of the 
infraclavicular fossa, and as the posterior supraclavicular nerves in the skin of the shoulder (deltoid 
region). 


II. MOTOR BRANCHES OF THE CERVICAL PLEXUS. 


The majority of the motor branches of the cervical plexus are short branches for the inter- 
transversarii muscles and the rectus capitis anterior and longus capitis, and also for the upper 
portion of the levator scapule., They also form anastomoses with the accessory nerve for the 
innervation of the (sternocleidomastoid and) trapezius. Only two of them require special notice. 

1. The branch to the ansa hypoglossi (Figs. °539, 551, and 700). From the second and 
third cervical nerves branches arise which communicate with the descending ramus of the hypo- 
glossus (see page 212) to form a loop, the ansa hypoglossi. ‘They usually pass forward and down- 
ward in the form of a separate nerve trunk along the medial side of the sternocleidomastoid and 
cross the lateral surface of the internal jugular vein. 

2. The phrenic nerve (Figs. 539, 700, and 7o1) is by far the most important and longest 
branch of the plexus. It arises mainly from the fourth cervical nerve, but partly also from the 
third and sometimes with a small root from the fifth, and very rarely even the sixth cervical nerves. 
It passes downward on the anterior surface of the scalenus anterior to its insertion and enters 
the superior thoracic aperture behind the sternoclavicular articulation and between the sub- 
clavian artery and vein. It then continues its course through the thorax, lying in front of the 
root of the lung, close to, the pericardium, and covered by the pericardial pleura, in company 
with the pericardiacophrenic vessels, to the superior surface of the diaphragm. The right 
nerve pursues the straighter course, keeping close to the right innominate vein and the superior 
vena cava, and, lower down, resting on that portion of the pericardium which covers the wall of 
the right atrium. ‘The left passes over the greatest curvature of the left ventricle and the apex 
of the heart. The left nerve enters the costal part of the diaphragm in the neighborhood of the 
apex of the heart, while the right one passes along the inferior vena cava and enters the diaphragm 
by several branches. Those branches which pierce the diaphragm, mainly in the foramen for 
the vena cava, but partly also in the cesophageal hiatus, and innervate the lumbar part are termed 
the phrenico-abdominal branches. 

The phrenic nerve is not purely motor, but gives a sensory pericardiac branch to the pericar- 
dium, as well as delicate branches to the superior surface of the liver. 


216 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


Fic. 698.—The superficial nerves and veins of the left side of the neck. (Second layer of neck.) 

The platysma has been divided, the upper portion reflected toward the jaw, and the lower portion removed. The 
fascia has been divided along the facial veins. * = Anastomosis of accessory nerve with cervical plexus. -+ = Com- 
munication of external jugular vein with deep veins. 

The upper perforating branches of the internal mammary vessels (not represented in the illustration) make their 
appearance between the origins of the sternocleidomastoideus. 

Fic. 699.—The nerves, arteries, and veins of the left side of the neck. (Third layer of neck.) 

The superficial layer of the cervical fascia and the superficial veins have been removed, exposing the superficial 
muscles, In the dissection from which the illustration was made, the superficial cervical artery was comparatively small 
and partly replaced by the ascending branch of the transverse cervical artery. 

Fic. 700.—The nerves and vessels of the deeper layer of the left side of the neck. (Fourth layer of neck.) 

The sternocleidomastoideus has been cut away, except at its origin and insertion, and the superficial veins have 
been removed, as have also the common facial and smaller veins. The branches of the cervical plexus have been cut 
away, except the lesser occipital, the phrenic, and muscular filaments. XX = Cross-section of external jugular vein 
near its termination. * = Cross-section of anterior jugular vein near its termination. X = Cross-section of common 
facial vein (near termination). *—= Branch of cervical plexus to ansa hypoglossi. ** == Cross-section of superior thyreoid 
vein (termination). -+- = Sternocleidomastoid branch of superior thyreoid artery (divided). 


THE BRACHIAL PLEXUS. 


The brachial plexus (Figs. 539, 551, 552, 588, 699, 700, 702, and 703) is formed by the 
union of the very strong anterior branches of the fifth to the eighth cervical and the first thoracic 
nerves. These appear at the lateral border of the scalenus anterior, the fifth to seventh above 
the subclavian artery, the eighth behind it, and the first thoracic, which curves upward around 
the neck of the first rib, below the artery. The five strong, flattened nerve trunks unite in the 
space between the scaleni, lateral to the artery, and converge to form a reticular broad nerve 
cord between whose fasciculi the transversalis colli artery winds. Lying lateral to the sub- 
clavian artery the plexus passes behind the clavicle into the depth of the infraclavicular fossa 
and to the axillary fossa. 

That portion of the plexus which lies above the clavicle is known as the supraclavicular 
portion. The nerves which arise from it are distributed to the thoracic and scapular regions, 
while the true brachial nerves arise from a rearrangement of the plexus which takes place in 
the axillary fossa. This latter part of the plexus is known as the infraclavicular portion.* 

The Supraclavicular Part of the. Brachial Plexus.—To the supraclavicular portion of 
the brachial plexus, the following six predominantly motor nerves are assigned, but all of them 
do not become independent above the clavicle. The first nerves which separate from the plexus 
are, in addition to the anterior thoracics, the suprascapular and dorsal scapular nerves. 

1. The dorsal scapular nerve (Figs. 696 and 714) is purely motor, and arises from the fifth 
to the seventh cranial nerves. It frequently pierces the scalenus medius, which it may supply, 
and, in company with the descending branch of the transverse cervical artery, passes to the 
rhomboid muscle, in front of which it continues its course downward. In addition to supplying 
the rhomboids it also sends branches, as a rule, to the inferior part of the levator scapulz. 

2. The long thoracic nerve (Figs. 551, 552, and 594) is the motor nerve to the serratus anterior. 


* This division is not altogether appropriate, since several of the nerves of the supraclavicular portion occasionally 
or regularly arise from the plexus below the level of the clavicle. 
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It also has its origin from the fifth to the seventh cervical nerves and passes down on the lateral 
surface of serratus anterior, a short distance behind the lateral thoracic artery. 
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Upon both sides the thoracic wall has been divided to the outer side of the nipple line. The right lung has been 
removed as far as the plane of the section and part of the left has been still further cut away. The pericardial pleure 
have been dissected from the pericardium to expose the phrenic nerves and pericardiacophrenic vessels. One half of 
the left innominate vein has been removed. 


The dorsal scapular and long thoracic nerves are collectively spoken of as the posterior 
thoracic nerves, in contrast to the following: 
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F1G. 702.—The plan of the cervical and brachial plexuses (after P. Eisler, somewhat simplified). 
* = Anterior thoracic nerves. 
218 


THE NERVOUS SYSTEM. 219 


3. The anterior thoracic nerves (Figs. 539, 551, and 700), also motor, have their origin from 
the fifth to the eighth cervical nerves. They are several nerves which arise above the clavicle 
and course behind it to the subclavius muscle (subclavian nerve), and then passing through the 
interval between this and the pectoralis minor are distributed to the latter muscle and to the 
pectoralis major. 

4. The suprascapular nerve (Figs. 703 and 704), also almost exclusively motor, arises mainly 
from the sixth cervical, and is already independent in the supraclavicular fossa. Accompanying 
the transverse scapular artery it passes along the inferior belly of the omohyoid, behind the 
clavicle to the scapular notch, which it traverses, passing beneath the superior transverse scapular 
ligament and separated by it from the transverse scapular artery. It is distributed to the supra- 
spinatus and infraspinatus muscle and also sends several fine branches to the capsule of the 
shoulder-joint. 

5. The subscapular nerves (Figs. 552, 594, 703, and 704), also motor, arise from the sixth 
and seventh cervical nerves. They consist of two or three smaller and one stronger, larger branch; 
the former passes to the subscapularis and teres major muscle and the latter, known as the thoraco- 
dorsal (long subscapular) nerve goes with the corresponding artery to the latissimus dorsi. 

6. The last branch, belonging to the supraclavicular portion of the plexus, is known as the 
axillary (circumflex) nerve. (Figs. 556, 557, 594, 703, 704, and 710). It is assigned to this 
group of nerves principally on account of its distribution, for it is mainly a motor nerve to the 
muscles of the shoulder. But it is also the only one of the group that contains larger, sensory 
fibers, and it is not supraclavicular in origin, but arises in the axilla, together with the radial 
nerve, from the posterior cord of the brachial plexus (see below). Its fibers come mainly from the 
sixth and seventh cervical nerves and it passes with the posterior circumflex artery of the humerus 
through the quadrangular space between the teres major, teres minor, triceps, and humerus (see 
Vol. I, page 187), giving off muscular rami to the deltoid and teres minor. A sensory branch, 
the lateral brachial cutaneous nerve (Figs. 556 and 710), winds around the posterior border of 
the deltoid and ramifies in the skin which covers the inferior part of the muscle (adjoining the 
area of distribution of the posterior supraclavicular rami), and below the insertion of the deltoid. 

The Infraclavicular Portion of the Brachial Plexus.—Below the clavicle, after the 
branches of the supraclavicular portion (with the exception of the axillary nerve) have been 
given off, a rearrangement of the constituents of the brachial plexus * takes place in the axillary 
fossa. The plexus in the upper portion of the axilla, lateral to the axillary artery, becomes 
arranged about the artery in the form of three fasciculi, so that a Jateral, a medial, and a posterior 
fasciculus can be recognized. ‘The lateral fasciculus is composed mainly of parts of the fifth, 
sixth, and seventh cervical nerves, the medial arises from the eighth cervical nerve and first thoracic 
(and, to a certain extent, also from the seventh cervical), and the posterior arises largely from the 
same constituents as the lateral, but receives also a few branches from the inferior nerve roots of 
the plexus.t These three cords give origin to the six nerve trunks of the infraclavicular part 


* The infraclavicular part is also spoken of as the brachial plexus, in a narrower sense. 

+ [By this rearrangement the fibers intended for the posterior surface of the limb are separated from those destined 
for the anterior surface. The former are collected in the posterior fasciculus, which thus receives fibers from all the 
nerve roots of the plexus, while the latter are divided between the medial and lateral fasciculi—Ep. ] 
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Fic. 703.—The nerves and vessels of the shoulder. (Anterior view.) 
* — Long head of triceps. 
Fic. 704.—The nerves and vessels of the shoulder. (Posterior view.) 
The deltoid has been partly removed and the remainder reflected; a piece has been sawn out of the acromion; 
and the supraspinatus, infraspinatus, and teres minor have been divided and slightly retracted. * = Branch of axillary 
nerve to teres minor. 


of the brachial plexus, and also to the axillary nerve. From the lateral fasciculus arise the 
musculocutaneous nerve and the lateral root of the median; from the medial fasciculus the medial 
root of the median nerve, the ulnar, the median brachial cutaneous, and the median antibrachial 
cutaneous; and from the posterior fasciculus the radial and axillary nerves. 

The distribution of the axillary nerve has already been described. Of the remaining six 
nerves, three, the median, ulnar, and radial, are large stems which extend throughout the entire 
length of the extremity to the hand, while the other three are mainly cutaneous nerves, the muscu- 
locutaneous, however, having motor fibers in its proximal portion, while its distal part is sensory. 

The Three Small Nerves of the Infraclavicular Portion.—1. The musculocuianeous 
nerve (Figs. 554, 555, 595, 596, 703, and 704) is the largest of these three nerves. It arises from 
the lateral fasciculus and contains fibers from the fifth, sixth, and seventh cervical nerves. It 
passes laterally to the coracobrachialis, which it pierces, as a rule, and then courses downward 
to the region of the elbow-joint between the biceps and the brachialis, supplying all three muscles.* 
From here on it is purely sensory and is called the lateral (radial) antibrachial cutaneous nerve 
(Figs. 554, 555, 595, and 596). This passes through the fascia at the lateral border of the tendon 
of the biceps and courses downward subcutaneously with the cephalic vein upon the lateral 
surface of the forearm, ramifying in the skin of the radial half of the volar surface and the radial 
border of the forearm. It extends to the radial side of the back of the hand where it anastomoses 
with the superficial ramus of the radial nerve. 

2. The medial brachial (lesser internal) cutaneous nerve (Figs. 552, 594, 595, 703, and 711) 
is much weaker than the preceding and arises from the medial fasciculus, containing fibers from 
the eighth cervical and first thoracic nerves. In the axilla it unites with the lateral cutaneous 
branch of the second, and often also of the third intercostal nerves (intercostobrachial anastomosis) 
and in this manner forms a rather thin nerve, occasionally double, which pierces the fascia on 
the medial side of the upper arm below the insertion of the latissimus dorsi and is distributed 
to the skin of the medial side of the upper arm. 

3. The medial antibrachial (internal) cutaneous nerve (Figs. 554, 595, 596, and 703), although 
stronger than the preceding, is weaker than the musculocutaneous. It arises from the medial 
fasciculus and contains fibers of the eighth cervical and first thoracic. At first it passes downward 
on the medial side of the brachial artery in front of the ulnar nerve, and then accompanies the 
basilic vein, with which it pierces the brachial fascia below the middle of the upper arm, and 
immediately divides into two branches. (a) The volar ramus passes in front of the lacertus 
fibrosus to the ulnar half of the volar surface of the forearm, and (0) the ulnar ramus accompanies 
the basilic vein toward the wrist-joint and ramifies on the ulnar surface of the forearm. 


* The brachialis is innervated not only by the musculocutaneous, but also by branches from the radial nerve 
(see below). 
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The.Median Nerve.—The median nerve (Figs. 554, 555, 562, 503, 703, and 705 to 709), 
in location as well as in size the middle of the three brachial nerves, arises in the inferior part 
of the axillary fossa from two roots, which unite at an acute angle in front of the axillary artery, 
one having its origin from the medial, the other from the lateral fasciculus of the brachial plexus. 
The former derives its fibers mainly from the sixth and seventh cervical nerves, the latter from 
the eighth cervical and first thoracic. From the forked origin an almost circular stem arises, 
which in its upper part lies close to the brachial artery in the medial bicipital sulcus, but in the 
lower third of the upper arm gradually comes to lie first in front of the artery and then on its 
medial side. Then, directly covered by the lacertus fibrosus, it courses with the brachial artery 
into the cubital fossa. 

Not until it reaches the bottom of this depression does the nerve branch, and it passes out 
of the fossa between the humeral and ulnar heads of the pronator teres and comes to lie deeply 
in the middle of the volar surface of the forearm, between the flexor digitorum sublimis and 
the flexor digitorum profundus. It continues onward to the wrist, and with the tendons of 
these muscles passes through the carpal canal and its terminal branches are distributed in the 
palm of the hand. 

The median, like all the three large brachial nerves, is a mixed nerve, and its distribution 
is to the musculature of the flexor surface of the forearm and to the palm of the hand. In the 
upper arm it usually gives off no branches, with the exception of an occasional communicating 
branch to the musculocutaneous.* The branches of the median nerve are: 

J. In THE Forearm: 1. Muscular rami (Figs. 706 and 707) for the pronator teres, flexor 
carpi radialis, palmaris longus, flexor digitorum sublimis, and the radial half of the flexor dig- 
itorum profundus. 

2. The volar (antibrachial) interosseous nerve (Fig. 707) is a long muscular branch intended 
for the pronator quadratus. With the corresponding artery it passes over the anterior surface 
of the antibrachial interosseous membrane to the muscle, and contains also a few sensory 
branches for the radiocarpal articulation. 

3. The palmar branch (Figs. 562, 596, 706, and 712) arises above the wrist and passes with 
the tendon of the palmaris longus to the skin of the volar surface of the hand. 

IJ. IN rHE Hanp. In the depth of the palm, that is to say, in the region of the carpometa- 
carpal joints, the median nerve divides into three strong common volar digital nerves (Figs.562 and 
712), which pass below the superficial volar arch toward the fingers, each dividing in the region 
of the metacarpophalangeal joints into two (or three) proper volar digital nerves (Figs. 562 and 
563), which are the sensory branches for the skin of the fingers and are seven in number. Beside 
supplying the three radial digits and the radial side of the fourth, the median nerve also supplies 
a few muscles in the palm of the hand by means of fine branches of the common digital nerves. 
From the first of these are supplied the abductor pollicis brevis, the opponens pollicis, the super- 
ficial head of the flexor pollicis brevis, and the radial Iumbricalis. The second and third each 
give a branch to the second and third lumbricalis, and the third, by an oblique anastomosis, 
also unites with the volar branch of the ulnar. 


* This anastomosis, when present, is to be regarded as a delayed rearrangement of the fibers of the plexus destined 
for the two nerves. By it the median transfers to the musculocutaneous fibers which properly belong to it. 
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Fic. 705.—The vessels and nerves of the flexor surface of the forearm. (Superficial layer.) 

The lacertus fibrosus is divided and the brachioradialis drawn backward. 

Fic. 706.—The vessels and nerves of the flexor surface of the forearm. (Deep layer.) 

The pronator teres, palmaris longus, and flexor carpi radialis have been partly removed and the tendon of the flexor 
carpi ulnaris divided. -+ = Site of entrance of deep branch of radial nerve into the supinator. * = Ulnar head of 
pronator teres. ** = Radial head of flexor digitorum sublimis. 

Fic.-707.—The deep layer of the nerves and vessels of the flexor surface of the forearm. 
All the flexors and pronators of the superficial layer have been divided and the median nerve and flexor digitorum 
profundus drawn to one side. 
Fic. 708.—The vessels and nerves of the ulnar side of the elbow. 
The flexors and pronators of the forearm have been either divided or partly removed. 
Fic. 709.—The vessels and nerves of the radial side of the elbow. 

The radial group of the muscles of the forearm has been reflected and the supinator divided along the deep branch 
of the radial nerve. * = Radial head of flexor digitorum sublimis. ** — Anastomosis between ulnar recurrent and inferior 
ulnar collateral arteries. 


The first common volar digital nerve supplies, in addition to the muscles mentioned, both 
borders of the thumb and the radial border of the index finger, furnishing, therefore, the radial 
and ulnar proper volar digital nerve of the thumb and the radial proper volar digital nerve oj the 
index ; the second common volar digital furnishes the ulnar proper volar digital nerve of the index 
and the radial proper volar digital nerve of the third digit; and the third common volar digital 
gives off the ulnar proper volar digital nerve of the third digit and the radial proper volar digital 
nerve of the jourth digit. Seven proper volar digital nerves, therefore, arise from the median 
nerve (see below). 

The Ulnar Nerve.—The ulnar nerve (Figs. 554, 555, 703, and 705 to 709) is the smallest 
of the three large nerves of the arm. It arises from the medial fasciculus of the brachial plexus 
and contains fibers from the eighth cervical and first thoracic nerves, and also some from the 
seventh cervical. It is similar to the median nerve in that it does not branch until it reaches 
the forearm, in which it gives motor fibers to the muscles of the volar surface and sends sensory 
and motor fibers to the hand. In contrast to the median its distribution is not confined to the 
palm of the hand, but extends to the dorsum. 

Below its origin from the brachial plexus it courses on the medial side of the brachial artery, 
then diverges from it, and in company with the superior collateral ulnar artery passes downward 
along the medial intermuscular septum, frequently enclosed by it, and passes behind the medial 
epicondyle, where it comes to lie between the two heads of the flexor carpi ulnaris. It then 
pierces the flexor carpi ulnaris and turns forward to the ulnar and volar surface of the forearm, 
between flexor carpi ulnaris and flexor digitorum profundus, and comes to lie close to the ulnar 
artery, along the ulnar side of which it passes to the wrist. A few centimeters above this joint, 
at the radial side of the tendon of the flexor carpi ulnaris, it divides into its terminal branches, 
a volar ramus which is the continuation of the stem, and a much smaller dorsal ramus. ‘The 
branches of the ulnar nerve are: 

I. In THE ForEARM, in addition to a few sensory branches for the elbow joints: 

1. Muscular rami (Fig. 708) to the flexor carpi ulnaris and to the ulnar half of the flexor 
digitorum profundus. 

2. The palmar cutaneous (Figs. 596, 706, and 712), which is much smaller than the cor- 
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responding ramus of the median nerve, passes between the tendons of the flexor carpi ulnaris 
and flexor digitorum profundus, and perforates the antibrachial fascia above the wrist-joint. 
It supplies the skin of the ulnar portion of the palm, as well as the neighboring part of the lower 
end of the forearm. 

Il. In tHe Hanp: 1. The dorsal ramus (Figs. 558, 559, 705, 707, and 713) passes above 
the styloid process of the ulna, between the ulna and the flexor carpi ulnaris to the dorsum of the 
hand. It is a purely sensory nerve and, besides giving off branches to the dorsal surface of the 
wrist joint and to the skin of the hand, it sends five dorsal digital nerves to the sides of the two 
ulnar digits and the ulnar side of the third (see below). It anastomoses in the metacarpal region 
(often doubly) with the superficial branch of the radial nerve. 

2. The volar ramus (Fig. 562) is the real continuation of the trunk. It accompanies the 
ulnar artery and passes between it and the pisiform bone to the palm. Here it is covered by 
the palmaris brevis, which it supplies, and it then divides into its two terminals. 

(a) The superficial volar branch (Fig. 562) is purely sensory and divides into two branches, 
the ulnar proper volar digital nerve of the fijth digit and the fourth common volar digital nerve. 
The latter anastomoses with the third common volar digital branch of the median nerve and 
divides into the radial proper volar digital of the fijth digit and the ulnar proper volar digital of 
the fourth digit. 

(b) The deep volar branch (Fig. 708) is almost purely motor. It passes with the deep volar 
branch of the ulnar artery between the hypothenar muscles into the depth of the palm, innervates 
these muscles, and in addition gives muscular rami to the fourth lumbricalis, the adductor 
pollicis, all the interossei, and the deep head of the flexor pollicis. It accompanies the deep 
volar arch in the depth of the palm and gives off fine branches to the volar surface of the wrist 
and metacarpophalangeal articulations. 

The Radial Nerve.—The radial nerve (musculospiral) (Figs. 554 to 557, 705, and 709) is 
the strongest of the three large nerves in the arm. It arises from the posterior cord of the brachial 
plexus and contains mainly fibers from the sixth, seventh, and eighth cervical nerves. At its 
origin it lies behind the brachial, or rather the axillary artery, but soon separates from it, passing 
with the deep brachial artery between the long and medial head of the triceps. Then, at first 
accompanied by the deep brachial, and later by the radial collateral artery, it curves forward 
around the posterior surface of the humerus in the groove for the radial nerve between the heads 
of the triceps, and comes to lie in the groove between the brachioradialis and brachialis, that is to 
say, at the bottom of the cubital fossa, where it divides into its two terminal branches, the weaker, 
purely sensory, superficial ramus going to the dorsum of the hand, and the stronger, almost purely 
motor, deep ramus, which passes to the posterior surface of the antibrachium, and does not extend 
beyond the wrist. The main distribution of the radial nerve, which like the other two large 
arm nerves is a mixed nerve, is to the upper arm and forearm. The weaker terminal branch 
alone reaches the hand, and is distributed only to the dorsum. Besides giving muscular branches 
to all the extensors of the upper extremity the radial nerve also sends cutaneous branches to 
the posterior surface of the arm. 

The branches of the radial nerve are: 

I. In tHE Upper Arm: 1. The posterior brachial cutaneous nerve (Figs. 556 and 710) 
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Fic. 710.—The cutaneous nerves and veins of the extensor surface of the upper arm. 
Fic. 711.—The cutaneous nerves and veins of the extensor surface of the forearm. 

* = Accessory cutaneous branch from axillary nerve. ** = Anastomosis between posterior brachial and dorsal 
antibrachial cutaneous nerves. *** = Anastomosis between dorsal antibrachial cutaneous and radial nerves. + = Cut- 
aneous branches of posterior circumflex vessels of humerus. -+ * = Cutaneous branches of thoraco-acromial vessels. 

Fic. 712.—The superficial nerves and vessels of the palm. 

* = Cutaneous branch of the ulnar nerve. ** = Volar cutaneous branches of the median and ulnar nerves. 
+ = Volar digital artery of thumb. 

Fic. 713.—The superficial nerves and veins of the back of the hand. 

+ +. = Anastomosis between ulnar and radial nerves. 


pierces the fibers of the lateral head of the triceps and comes to the surface at about the level 
of the deltoid insertion, supplying the skin on the posterior surface of the upper arm. It is not 
always present and may be replaced by the dorsal antibrachial cutaneous nerve. 

2. Muscular rami (Figs. 557 and 705 to 707) to the triceps,* the anconaeus,} the brachio- 
radialis, and the radial side of the brachialis. 

3. The dorsal antibrachial cutaneous nerve (Figs. 556, 557, 710, and 711) is much larger 
than the brachial cutaneous. It comes to the surface at the lateral intermuscular septum between 
the lateral and medial heads of the triceps, it accompanies the dorsal terminal branch of the 
radial collateral artery, and pierces the deep fascia above the elbow joint. It is distributed to the 
skin of the dorsal surface of the forearm and extends down almost to the wrist. 

II. In tue Cusrrat Fossa. In the depth of the cubital fossa muscular branches, going 
to the radial group of muscles of the forearm, leave the trunk of the radial nerve just before it 
divides into its two terminal branches. | 

IIL. The superficial ramus of the radial nerve (radial nerve) (Figs. 596, 795, 711, and 713), 
although the smaller of the two terminals, continues in the direction of the main trunk. Covered 
by the brachioradialis it passes along the radial side of the radial artery, but not so close to 
it as the ulnar nerve is to the ulnar artery, and above the styloid process of the radius it passes 
between the bone and the tendon of the brachioradialis and goes to the posterior surface of the 
lower end of the forearm. Here the nerve pierces the antibrachial fascia and divides usually 
into two branches, of which the radial anastomoses with the lateral antibrachial cutaneous and 
the ulnar, by means of the anastomosing ulnar ramus, which is often double, with the ulnar nerve. 
The five radial dorsal digital nerves arise from these two branches (see below). 

IV. The deep ramus of the radial nerve (posterior interosseous nerve) (Figs. 558, 559, 705, 
and 709), the larger, motor terminal ramus, usually, after piercing the supinator, curves to the 
dorsal surface of the forearm and supplies, in addition to the supinator, all the antibrachial exten- 
sors. It accompanies the dorsal interosseous artery, lying between the superficial and deep layer 
of the antibrachial extensors, and its terminal branch is a fine sensory dorsal interosseous nerve, 
which passes to the dorsal surface of the carpometacarpal joints and accompanies the dorsal 
terminal portion of the volar interosseous artery (see page 48). 


* A branch of the radial passing to the lower part of the medial head of the triceps often accompanies the ulnar 
nerve (ulnar collateral) in a common sheath. 

+ The muscular branch for the anconaeus passes in the substance of the medial head of the triceps and also sends 
sensory branches to the elbow. { : 

{ A few branches of the radial nerve pass over the radial border of the thumb to the skin of the thenar eminence. 
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THE NERVES OF THE FINGERS. 


Just as every finger receives four arteries, so it possesses four sensory nerves (Figs. 562, 
563, 712, and 713), and exactly as in the arteries, the volar nerves are decidedly stronger than 
the dorsal ones, and, furthermore, the volar nerves supply also the dorsal surfaces of the terminal 
phalanges. Of the proper volar digital nerves, the seven radial ones arise from the median nerve 
and the three ulnar ones from the wlnar. The middle eight arise from the division of four common 
volar digitals, of which the three radial ones belong to the median nerve, the ulnar one to the 
ulnar nerve. The proper volar digital nerves lie medially to the corresponding arteries. 

The dorsal digital nerves are much weaker than the volars, and the five radial ones arise from 
the superficial ramus of the radial nerve, the five ulnar ones from the ramus of the ulnar nerve, 
which passes to the dorsum of the hand. 


Innervation of the Muscles of the Upper Extremity. 
I, Shoulder muscles: 
Deltoid +- Teres minor = axillary nerve. 
Teres major (+- Latissimus) = thoracodorsal nerve ) 
P ; : ; subscapular nerves. 
Subscapularis = subscapular rami J 
Supraspinatus + Infraspinatus = suprascapular nerve 
Il. Upper arm muscles: 
Biceps, Coracobrachialis, and the greater part of the Brachialis = musculocutaneous nerve. 
Triceps + Anconaeus, Brachialis (partly) = radial nerve. 
III. Forearm muscles: 
Pronator teres, Flexor carpi radialis, Palmaris longus, Flexor digitorum sublimis, Flexor digitorum profundus 
(half) and Pronator quadratus = median nerve. 
Flexor carpi ulnaris, Flexor digitorum projundus (half) = ulnar nerve. 
Brachioradialis, Extensores carpi radiales = radial nerve. 
Supinator, Extensor digitorum communis, Extensor carpi ulnaris, Extensor digiti V propr. ) deep ramus of the 
Extensor indicis propr., Extensor pollicis, Abductor pollicis longus j radial nerve. 
IV. Hand muscles: 
Abductor pollicis brevis, Opponens pollicis, Flexor pollicis brevis (partly), Lumbricales (two to three) = median 
nerve. 
Adductor digiti V, Flexor brevis digiti, Opponens digiti V, Abductor pollicis brevis, Flexor pollicis brevis (partly), 
Lumbricales (one to two), Interossei dorsales and volares = ulnar nerve (deep volar ramus). 


The Sensory Skin Areas of the Upper Extremity. 


Shoulder: Upper part (acromial region and upper part of the deltoid region) = posterior supraclavicular nerves. 
Lower part (deltoid region) = lateral brachial ‘cutaneous nerve. 
Axillary fossa: Skin of the axillary fossa = intercostobrachial and medial brachial cutaneous nerves. 

Upper arm: Lateral brachial region = lateral brachial cutaneous nerve (and posterior brachial cutaneous). Posterior 
brachial region = posterior brachial cutaneous nerve. Anterior brachial region — medial brachial 
cutaneous nerve. Medial brachial region = medial brachial cutaneous nerve. Posterior cubital 
region = medial antibrachial cutaneous and dorsal antibrachial cutaneous nerves. Lateral cubital 
region — dorsal antibrachial cutaneous nerve. Medial cubital region = medial antibrachial cutan- 
eous nerve. Anterior cubital region = medial and lateral antibrachial and medial brachial cutaneous 
nerves. 

Forearm: Dorsal antibrachial region = dorsal antibrachial cutaneous nerve. Ulnar antibrachial region = medial 
antibrachial cutaneous nerve —ulnar branch. Radial antibrachial region = lateral antibrachial 
cutaneous nerve. Volar antibrachial region = medial antibrachial cutaneous nerve -— volar branch. 

Hand: Dorsal region = dorsal ramus of ulnar nerve and superficial ramus of radial nerve (partly also the lateral 
antibrachial cutaneous nerve). Dorsal digital region = ulnar nerve (dorsal ramus) and radial nerve 
IMI—15 
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Fic. 714.—The superficial and middle layer of the nerves and vessels of the nuchal region. 
Upon the left side the trapezius, sternocleidomastoideus, splenius, and levator scapule have been divided. 
* = Occipital root of external jugular vein. 


(superficial ramus) (see pages 223 and 225). Volar region = palmar ramus of median nerve and 
palmar ramus of ulnar nerve. Volar digital region = median nerve (the borders of three and a half 
fingers) and superficial volar ramus of ulnar nerve (the borders of one and a half fingers) (see 
pages 222 and 223). 


THE THORACIC NERVES. 


There are twelve pairs of thoracic nerves which pass through the intervertebral foramina 
of the vertebral column, the last one through the foramen between the twelfth thoracic and first 
lumbar vertebre. Like all spinal nerves, they divide into a stronger anterior and a weaker 
posterior branch. The first thoracic nerve is the largest, the middle ones are the weakest, the 
lower two or three again being decidedly larger than the middle ones. 

Posterior Rami of the Thoracic Nerves.—The posterior rami of the thoracic nerves 
(Figs. 696 and 714) pass behind the anterior (but in front of the posterior) costotransverse liga- 
ments into the deeper portions of the dorsal groove and are mixed nerves, carrying motor fibers 
for the (deep) muscles of the back as well as sensory fibers for the skin. Each ramus divides 
into a medial and a lateral branch, the lateral ones being the stronger in the upper nerves and 
the medial ones in the lower; this is especially true of the terminal sensory branches to the skin 
of the back. 

1. The medial cutaneous ramus is distributed to the deep layers of the muscles of the back 
(short and long muscles), pierces the flat muscles of the back (trapezius) without innervating 
them, and terminates in the skin of the middle dorsal region, and above, also, in the neighboring 
lateral dorsal region. 

2. The lateral cutaneous ramus supplies the lateral portions of the long muscles of the back 
and terminates in the cases of the five lower thoracic nerves in long twigs which penetrate the 
latissimus dorsi to reach the integument. 

The Anterior Rami or Intercostal Nerves.—The anterior rami of the thoracic nerves 
are the intercostal nerves (Figs. 538 and 587), and are the only anterior rami of the spinal nerves 
which do not form a plexus, but apart from a few occasional delicate anastomoses remain entirely 
independent. Each intercostal receives a communicating ramus from a neighboring sympathetic 
thoracic ganglion, and then, in correspondence with the course of the ribs, passes laterally and 
forward in the intercostal space. The twelfth intercostal runs parallel to the lower border of 
the twelfth rib (subcostal nerve). 

At first each intercostal nerve lies near the head of the rib, below the intercostal artery, and 
directly covered by the costal pleura and the endothoracic fascia; it then passes between the 
intercostal muscles, lying in front of the internal but behind the external, at about the middle 
of the height of the intercostal space. ‘The lower nerves pass between the false ribs and anteriorly 
are continued onward between the flat abdominal muscles. 

The first intercostal nerve is very weak, since the main part of the anterior ramus of the 
first thoracic nerve takes part in the formation of the brachial plexus. The large twelfth inter- 
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costal at first follows the course of the twelfth rib, then passes obliquely in front of the quadratus 
lumborum, and sinks into the anterior lamina of the lumbodorsal fascia, runs between the flat 
abdominal muscles obliquely downward and terminates in muscular rami to the rectus abdominis 
and pyramidalis.* 

Each intercostal, being a mixed nerve, contains motor fibers which form muscular rami inner- 
vating the intercostal muscles (including the subcostales, transversus thoracis, and levatores 
costarum) and also the two serrati posteriores. In addition they give branches to the skin of 
the thorax, the inferior ones also to the skin of the abdomen, along two distinct lines, one anterior 
and one lateral. 

The Jateral cutaneous rami (Figs. 552 and 594) are known according to the level at which 
they appear as pectoral or abdominal cutaneous rami, and pass between the digitations of the 
serratus anterior, or in the abdomen between the fibers of the obliquus externus, and divide 
each into an anterior and a posterior ramus. ‘The anterior rami of the pectoral branches pass 
to the lateral portion of the skin of the thorax, the posterior to the skin of the back, the anterior 
branches of the fourth to the sixth nerves giving off lateral mammary rami to the mammary 
gland. The lateral abdominal cutaneous branches are larger than the pectoral and ramify in 
the skin of the lateral abdominal region. 

The anterior cutaneous rami (Fig. 593) may be also divided into pectoral and abdominal 
vamt. They arise from the anterior end of each intercostal nerve, and the pectoral rami pierce 
the pectoralis major with the perforating branches of the internal mammary artery near the 
sternal border, and ramify in the sternal and mammary regions, branches from the fourth to 
the sixth passing to the mammary gland (medial mammary nerves). ‘The abdominal branches 
from the lower intercostal nerves penetrate into the abdominal musculature and supply the 
upper parts of the rectus abdominis and parts of the flat abdominal muscles, also sending cutaneous 
branches to the anterior part of the skin of the abdomen. 

The first intercostal nerve, most of which goes to the brachial plexus (medial fasciculus), has 
no cutaneous branch. The lateral cutaneous branch of the second intercostal, and often also 
that of the third, unites in the axillary fossa with the medial brachial cutaneous nerve; these 
anastomoses, which are with a branch of the medial fasciculus of the brachial plexus, being 
called intercostobrachial nerves. 


THE LUMBAR, SACRAL, AND COCCYGEAL NERVES. 


The five lumbar and five sacral nerves and the coccygeal nerve are similar in many respects. 
Their anterior branches form a common, large plexus, the lumbosacral plexus. The short 
trunks of the lumbar nerves pass through the intervertebral foramina of the lumbar vertebra, 
the last one through the intervertebral foramen between the last lumbar vertebra and sacrum, 
and increase considerably in thickness from above downward. The trunks of the sacral nerves 
divide while still within the sacral canal into anterior and posterior rami, which pass out separately 
through the anterior and posterior sacral foramina,t and usually decrease in size from above 
downward, so that usually the first, more rarely the second sacral nerve, is the largest, and the 


* The upper part of these muscles is suppliéd by the anterior abdominal cutaneous rami. 
} The weak fifth sacral nerve emerges at the inferior border of the sacrum. 
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fifth by far the smallest. The very small coccygeal nerve divides at the level of the coccygeal 
cornu into its two branches. 

The Posterior Rami of the Lumbar, Sacral, and Coccygeal Nerves.—The posterior 
rami of the lumbar nerves are much smaller than the anterior ones. They resemble greatly 
the posterior thoracic rami and convey motor fibers for the lumbar portions of the deeper muscle 
layers of the back and sensory fibers for the skin of the lumbar and upper half of the gluteal 
region. Each posterior branch divides into a medial ramus, whose sensory branches pass to 
the skin of the lumbar region, and a lateral ramus, whose sensory branches, especially those of 
the inferior and medial lumbar nerves, pass as rather strong, partly anastomosing branches 
across the iliac crest to the skin of the upper half of the gluteal region, and are known as the 
superior cluneal nerves (Fig. 719). 

The posterior rami of the sacral nerves and of the coccygeal nerve are even smaller than those 
of the lumbar nerves, and are, indeed, the smallest posterior rami of all the spinal nerves. Those 
of the upper four sacral nerves pass through the posterior sacral foramina, and in contrast to 
the posterior rami of the thoracic and lumbar nerves, these posterior sacral rami are purely sensory. 
They divide into small smediai rami to the skin over the posterior surface of the sacrum, and 
somewhat larger Jateral rami, which, together with the posterior rami of the lower lumbar nerves, 
form the middle cluneal nerves. ‘These pierce the origins of the gluteus maximus and supply 
a part of the skin of the gluteal region. The posterior ramus of the coccygeal nerve takes part 
in the formation of the anococcygeal nerves (see page 238). 


THE LUMBOSACRAL PLEXUS. 


From the union of the anterior rami of the lumbar and the sacral nerves a strong plexus 
is formed, which is the largest of the whole body and is known as the lumbosacral plexus (Figs. 
715 and 716). It is again divisible into three subdivisions, the /wmbar, the sacral, and the pudendal 
plesuses, and finally the coccygeal nerve with a part of the fifth sacral also forms a small coccygeal 
plexus. The anterior rami of the last lumbar and the first two sacral nerves represent the largest 
roots of the plexus. They enter into the formation of the largest, or sacral plexus, the first 
two, that is to say the fifth lumbar and first sacral, usually strengthened by a branch from the 
fourth lumbar, uniting to form a very large nerve cord, the lumbosacral trunk. Toward the 
first lumbar nerve the size of the rami decreases slowly, but toward the fifth sacral quickly, so 
that the latter is very weak and the anterior ramus of the fourth sacral nerve also is of very small 
size. The anterior rami of all these nerves communicate with the corresponding sympathetic 
ganglia by rami communicantes. 


THE LUMBAR PLEXUS. 


The lumbar plexus (Figs. 715 and 716) is formed by the union of the anterior rami of the 
first to the fourth lumbar nerves, the anterior ramus of the last, however, usually not entering 
completely into the formation of this plexus, which lies partly behind the psoas major, but for the 
most part between its bundles. The branches of the plexus are distributed partly to the abdomi- 
nal wall and partly to the lower extremity, the largest nerve of the plexus, the femoral, extending 
by its terminal branches to the foot. The main nerves of the plexus lie behind the parietal peri- 
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Fic. 716.—The nerves of the lumbar plexus and the blood-vessels of the posterior abdominal wall. 

All the abdominal viscera have been removed and the unpaired branches of the abdominal aorta and the renal 
arteries cut away. The left common iliac artery and vein, with the proximal portions of their branches, have been 
removed, together with the greater portion of the psoas major, to show the formation of the lumbar plexus. * = Psoas 
minor. 


toneum and the kidneys, in front of the psoas, quadratus lumborum, and iliacus. Only the 
obturator nerve runs through the true pelvis. In addition to muscular rami to the psoas major 
and minor and to the quadratus lumborum the following nerves arise, as a rule,* from the lumbar 
plexus: 

1. The iliohypogastric nerve (Fig. 716), of moderate size, and containing both sensory 
and motor fibers, arises from the first lumbar, but usually receives a contribution from the last 
intercostal nerve. It generally pierces the upper part of the psoas major and then courses 
behind the kidney and the parietal peritoneum, running obliquely across and downward upon 
the anterior surface of the quadratus lumborum, and, above the iliac crest, it pierces the trans- 
versus and terminates between the flat abdominal muscles which it supplies by its muscular rami. 
In addition to these the nerve gives off two main branches: the lateral cutaneous ramus (Fig. 719) 
which pierces the posterior part of the external oblique muscle above the iliac crest and passes 
to the skin of the hip region, and the anterior cutaneous ramus, which pierces the aponeurosis of 
the external oblique muscle above the external abdominal ring and passes to the neighboring , 
portions of the abdominal integument and to the mons pubis. 

2. The ilio-inguinal nerve (Fig. 716) is also a mixed nerve, but is weaker than the pre- 
ceding and inconstant, being often replaced by it. It also arises from the first lumbar nerve, 
pierces the psoas major, and passes almost parallel to the iliohypogastric, across the anterior 
medial surface of the iliacus to the region of the anterior superior spine of the ilium. Here it 
traverses the flat abdominal muscles, giving branches to them, courses through the inguinal 
canal, and passes out through the external abdominal ring. Its sensory branches are distributed 
partly to the skin of the mons pubis (Fig. 600), but especially as the anterior scrotal (in the female, 
labial) nerves (Fig. 591) to the skin of the root of the penis and the anterior surface of the scrotum 
(in the female to the labia majora). 

3. The lateral femoral cutaneous nerve (Figs. 600, 716, and 719) is purely sensory and 
arises from the second and third lumbar nerves. It either pierces the psoas major or appears 
at its lateral border, either independently or with the root of the femoral nerve. It passes 
obliquely in front of the iliacus to below the anterior superior spine of the ilium, where it pierces 
the abdominal wall below the deep circumflex iliac artery and, piercing the fascia lata, becomes 
cutaneous at the medial side of the origin of the sartorius. It is distributed by several branches, 
some of which are long and strong, to the skin of the lateral border and the lateral part of the 
anterior surface of the thigh. 

4. The genitofemoral (genitocrural) nerve (Fig. 716) is also a mixed nerve. It 
arises mainly from the second lumbar nerve, pierces the psoas major, and courses downward 


* The number of nerves of the plexus is frequently diminished by the blending of the iliohypogastric and ilio- 
inguinal nerves, but it may, on the other hand, be increased by the two branches of the genitofemoral nerves being sepa- 
rated. 
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along its anterior surface beside the tendon of the psoas minor. At a variable level it divides 
‘at an acute angle into its two terminal branches. 

(a) The external spermatic nerve (genital branch) (Figs. 600 and 716) is the lateral terminal 
branch of the genitofemoral. It passes obliquely across the external iliac vessels to the inguinal 
canal, which it traverses, and as a constituent of the spermatic cord emerges at the external 
abdominal ring. It is distributed to the sheaths of the spermatic cord, partly also to the scrotum, 
and supplies the cremaster muscle. 

(6) The lumbo-inguinal nerve (crural branch) (Fig. 600) is purely sensory. It courses upon 
the psoas major and lateral to the external iliac artery to the inguinal ligament, below which 
it enters the thigh, pierces the fascia lata, and is distributed to the skin of the subinguinal region. 

s. The femoral (anterior crural) nerve (Fig. 716) is by far the largest nerve of the plexus 
and is a mixed nerve, as are also most of its branches. It arises from the second to the fourth 
lumbar nerves and courses down in the groove between psoas and iliacus, but covered by the 
lateral border of the psoas major, gives off a few muscular rami to the iliacus in the false pelvis, 
and then passes with the iliopsoas through the muscular lacuna to the thigh. Behind the inguinal 
ligament the nerve lies close to and lateral to the femoral artery, but separated from it by the 
iliopectineal fascia,* and just below the inguinal ligament, in the lateral part of the iliopectineal 
fossa, it splits up into its terminal branches. These are: 

(a) The anterior femoral cutaneous rami (the middle and internal cutaneous nerves) (Fig. 
600) are from two to four sensory branches, which pierce the fascia lata at a variable height, 
but usually above the middle of the thigh, and supply the skin of the anterior and medial surfaces 
of the thigh down to the knee. One of the branches often pierces the sartorius before passing 
through the fascia, and another accompanies the femoral portion of the great saphenous vein. 

(b) Muscular rami (Figs. 573 to 575) to all four heads of the quadriceps and to the pec- 
tineus and sartorius., They may be divided into short branches which, even in the iliopectineal 
fossa, approach their muscles (pectineus, sartorius, rectus), and long branches to the vasti and 
partly also to the rectus. The longest courses parallel to the following nerve and to the femoral 
artery upon the vastus medialis almost down to the knee-joint, and contains, besides the motor 
fibers for this muscle, also sensory fibers for the knee-joint. 

(c) The saphenous nerve (Figs. 574, 575, 601, and 720) is the real terminal branch of the 
femoral nerve and is by far its longest branch, since it extends to the foot. It accompanies the 
femoral artery to the adductor hiatus, lying at first lateral and then anterior to it, and then courses 
along the tendon of the adductor magnus to the medial surface of the knee-joint. In the region 
of the medial condyle of the tibia it pierces the fascia lata near the tendon of the sartorius 
and passes down the leg subcutaneously, close to the long saphenous vein, to the medial 
border of the foot. Just before it becomes subcutaneous it sends an injrapatellar ramus to the 
skin of the medial side of the knee and the neighboring portions of the leg, this branch sometimes 
piercing the lower end of the sartorius. In the leg it sends numerous branches, the medial 
crural cutaneous nerves to the skin of the medial and anterior surfaces of the leg and to the middle 
portion of the calf. 


* Since this fascia separates the lacuna vasorum and musculorum the artery is in the first and the nerve in the 
latter. 
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Fic. 717.—The nerves and vessels of the posterior gluteal region (deep layer). 
The gluteus maximus, gluteus medius, quadratus femoris, and the sciatic nerve have been divided. * = Muscular 
branch to the gemelli. ** = To the quadratus femoris. 
Fic. 718.—The nerves and vessels of the popliteal space (superficial layer). 


6. The obturator nerve (Figs. 568, 574, 575, and 716) is principally a motor nerve. It 
arises from the second, third, and fourth lumbar nerves and is the only nerve of the plexus that 
emerges at the medial border of the psoas, behind the common iliac vessels. It runs forward and 
downward to the obturator canal, just below the linea terminalis on the upper portion of the 
lateral wall of the true pelvis, along with the obturator artery, but lying above it. It traverses 
this canal, giving off muscular branches to the two obturator muscles, and immediately after 
making its exit from the canal it divides into its two terminal branches. The anterior ramus is 
stronger than the posterior, and supplies the gracilis, the adductor brevis, the adductor longus, 
and sometimes also (partly) the pectineus. Above the insertion of the adductor longus its sensory 
terminal branch appears, pierces the fascia, and gives off a cutaneous ramus (often double) to the 
skin of the medial side of the thigh, this being the only large sensory branch of the nerve. The 
weaker posterior ramus gives off fine branches to the capsule of the hip-joint and supplies, in 
addition to the external obturator, the adductor minimus and the main portion of the adductor 
magnus. 


THE SACRAL PLEXUS. 


The sacral plexus (Figs. 568, 715, 716, and 727), at its origin, is not-sharply defined from the 
pudendal plexus. It arises mainly from the very strong anterior rami of the fifth lumbar and 
the first two sacral nerves, but through the lumbosacral trunk (page 229) it also receives part 
of the fourth lumbar nerve and in addition a large part of the third and (sometimes) a small 
part of the fourth sacral nerve, which otherwise contribute to the formation of the pudendal 
plexus. The sacral plexus is the strongest plexus of the whole body. It lies in the true pelvis 
in the form of broad, flat fasciculi, converging toward the greater sciatic foramen, lateral to and 
behind the hypogastric artery and in front of and medial to the piriformis muscle. Its constituents 
usually unite in the region of this foramen to a single, flattened, broad nerve trunk, the main 
mass of which enters into the formation of the largest trunk of the plexus, the sciatic nerve. The 
main mass of the plexus then traverses the foramen below the piriformis (infrapiriform foramen), 
the superior gluteal nerve alone passing through above the muscle, and it supplies all parts of 
the lower extremity which are not innervated by the lumbar plexus. Its branches are: 

1. The superior gluteal nerve (Fig. 717) is purely motor. It arises from the fifth lumbar 
and the first two sacral nerves, gives off branches to the piriformis, and, with its corresponding 
artery, passes through the so-called suprapiriform foramen to the gluteus medius and to the 
gluteus minimus, between which it passes. Its ultimate branches terminate in the tensor fascize 
late. 

2. The inferior gluteal nerve (Figs. 577 and 717) is also purely motor and also arises 
from the fifth lumbar and the upper two sacral nerves. It courses with the main part of the 
plexus through the infrapiriform foramen, accompanying the corresponding artery, and ramifies 
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in the gluteus maximus, often also in the internal obturator and the gemelli, and sometimes in the 
quadratus femoris.* | 

3. The posterior femoral cutaneous (small sciatic) nerve (Figs. 576, 717, 719, and 720) 
is sensory. It arises from the first and second, and, to a small extent also from the third sacral 
nerve, passes through the infrapiriform foramen with the main part of the plexus, and accom- 
panies the sciatic nerve to the medial (lower) border of the gluteus maximus. Here it gives 
off two or three rather strong stems which wind about the border of the muscle and pass to the 
skin of the lower half of the gluteal region, the imjerior (lateral) cluneal nerves, also branches 
to the skin of the perineum, known as the perineal rami. ‘The main stem passes from the inferior 
border of the gluteus maximus vertically downward, parallel to the sciatic nerve but separated 
from it by the flexor muscles, and becomes the cutaneous nerve for the posterior surface of the 
thigh and for the popliteal region. It is subfascial for the greater part of its course, not subcu- 
taneous like other cutaneous nerves, and it sends its branches through the fascia; only the lower 
end of the nerve passing to the skin over the popliteal space is subcutaneous. 

4. The sciatic nerve. By far the largest part of the sacral plexus enters into the formation 
of this largest (mixed) nerve of the body. It is a large, and at first a flat cord a good centimeter 
wide, and passes out from the true pelvis into the posterior hip region through the so-called 
infrapiriform foramen. Here it is covered by the gluteus maximus and lies behind the piriformis, 
the internal obturator, and the gemelli, and, a little further down, behind the quadratus femoris 
and the adductor minimus. In this part of its course it gives off separate muscular branches 
to the piriformis, the gemelli, and the quadratus femoris. 

On the posterior surface of the thigh the sciatic nerve passes almost horizontally downward. 
Above, it lies behind the adductor magnus and in front of the origins of the flexors (the semi- 
tendinosus, the long head of the biceps, and the semimembranosus), and a little lower down 
it has the same relation to the adductor magnus and rests on the anterior surface of the flexors, 
but now lying in the groove between the semitendinosus and semimembranosus on one side and 
the biceps on the other. At a variable level, usually about the middle of the length of the thigh, 
or even a little higher,} it divides into its two terminals, the larger “bial nerve and the weaker 
common peroneal nerve. 


(a) THE TIBIAL NERVE. 


The tibial nerve (Figs. 577, 579 to 581, and 718) is the larger terminal branch of the sciatic 
and contains fibers from the fifth lumbar, but especially from the first to the third sacral nerves. 
It continues exactly in the direction of the trunk, and in the thigh gives off muscular rami to the 
long head of the biceps, the semitendinosus and the semimembranosus, and then passes diagonally 
from above downward through the popliteal fossa, lying lateral to and behind the popliteal 
vein and, therefore, nearer to the integument covering the popliteal fossa than the vein. In 
company with the popliteal vessels it then enters the popliteal canal, and after the division of 
the popliteal artery it accompanies the posterior tibial artery, lying on its lateral surface, between 

* The branches to these muscles usually arise from the first part of the sciatic nerve. 

Tt The division of the sciatic nerve really takes place far above the point of the apparent separation of its constit- 


uents. Thus is explained the fact that the nerve may emerge from the true pelvis already divided, in which case one 
part often pierces the piriformis. 
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F 1c. 719.—The superficial nerves and veins of the buttock and of the posterior surface of the thigh. 
* — Anastomotic vein from the great saphenous. 
Fic. 720.—The superficial nerves and veins of the posterior surface of the leg (and of the dorsum of 
the foot). 


** — Termination of the small saphenous in the popliteal vein. *** == Communication with deep veins. 


the deep flexors of the leg (tibialis posterior and flexor digitorum longus) and the soleus, and 
descends to the foot. With the artery it passes between the tendon of Achilles and the medial 
malleolus, being covered by the laciniate ligament, and divides in this situation, usually earlier 
than the artery (page 71), into its two terminal branches, the medial and lateral plantar nerves. 

The branches of the tibial in the leg are as follows: 

. Muscular rami (Figs. 579 and 581) from the upper part of the nerve to the triceps sure, 
ee popliteus. Other muscular branches for the tibialis posterior, flexor digitorum longus 
and flexor pollicis longus, and partly also for the soleus, are given off below the popliteal canal, and 
from one of these branches a fine nerve filament is given off, which passes along the posterior 
surface of the interosseous membrane, supplies it, as well as the two bones of the leg, and extends 
to the talocrural articulation; this is the crural interosseous nerve. 

2. The medial sural cutaneous nerve (communicans poplitet) (Fig. 720) arises from the 
tibial while it is still in the popliteal space. It runs down the calf in the groove between the 
two heads of the gastrocnemius, together with the small saphenous vein; at about the middle 
of the length of the leg it pierces the crural fascia and unites with the anastomotic peroneal ramus 
(see below) to form the sural (external or short saphenous) nerve. ‘This accompanies the small 
saphenous vein to the dorsum of the foot, passing between the lateral malleolus and the insertion 
of the calcaneal tendon, and gives off lateral calcaneal rami to the skin of the heel. Upon the 
dorsum of the foot it is known as the lateral cutaneous nerve of the dorsum of the foot, and ramifies 
in the lateral border of the foot, especially the dorsal part, anastomosing with the intermediate 
cutaneous nerve of the dorsum of the foot (see below), and terminates as the lateral (fibular) 
dorsal digital nerve of the jfijth digit (Fig. 721). 

3. The medial calcaneal rami (Fig. 584) arise behind the medial malleolus and pass to 
the skin of the medial side of the heel.and the neighboring part of the sole of the foot. 

Both terminal branches of the tibial are mixed nerves for the innervation of the muscles 
and the skin of the sole of the foot, especially the skin of the toes. The medial plantar nerve 
is larger than the lateral and corresponds almost exactly to the median nerve of the hand, the 
lateral plantar, therefore, corresponding to the volar branch of the ulnar nerve of the hand. 

4. The medial plantar nerve (Figs. 584 to 586) at first courses with the corresponding 
artery above the adductor hallucis (that is to say, covered by it), supplies it and the flexor digit- 
orum brevis, and then continues onward in the medial plantar sulcus, from which it sends several 
cutaneous branches to the planta of the foot, and then passes above the flexor digitorum brevis 
to the toes. In so doing it gives off muscular rami for the flexor hallucis brevis and the two 
medial lumbricales and divides into its sensory terminal branches. These consist of the medial 
(tibial) proper digital nerve of the hallux, which separates early from the main stem, and of the 
three medial common plantar digital nerves, which course beneath the flexor digitorum profundus, 
at first alone and then in company withthe corresponding plantar metatarsal arteries, to the 
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intervals between the four medial toes, and here each divides into two proper plantar digital 
nerves. ‘Thus the medial plantar nerve, like the median nerve of the hand, gives off seven proper 
digital plantar nerves. 

5. The lateral plantar nerve (Figs. 585 and 586) courses with and medial to the corresponding 
artery obliquely across the sole of the foot to the lateral plantar sulcus, lying between the quadratus 
plantz, which it supplies, and the flexor digitorum brevis. In this part of its course it sends a 
few small, cutaneous branches to the planta and divides into its two terminal branches, which 
correspond to the respective branches of the volar ramus of the ulnar nerve. The purely sensory 
superficial ramus continues in the direction of the trunk and forms the fourth common plantar 
digital and the lateral (fibular) proper digital nerve of the fifth digit, the former dividing into the 
two corresponding proper plantar digital nerves. ‘The deep ramus passes with the plantar arch 
(see page 75) into the depth of the sole and is almost purely motor. It supplies the abductor 
digiti V, the flexor brevis digiti V, the opponens digiti V, the adductor hallucis (oblique and 
transverse heads), the plantar and dorsal interossei, and the two lateral lumbricales. 


() THE COMMON PERONEAL NERVE. 

The common peroneal (external popliteal) nerve (Figs. 577, 580, 582, and 718) is formed by 
the division of the sciatic nerve at about the middle of the thigh. It is the weaker terminal branch, 
but, like the tibial, is a mixed nerve. At first it runs almost parallel to the tibial nerve, then passes 
along the medial border of the biceps femoris through the lateral part of the popliteal fossa, 
and then behind the lateral head of the gastrocnemius to the head of the fibula. Behind this 
it perforates the origin of the peroneus longus and divides into its two terminal branches the 
superficial and deep peroneal nerves. The branches of the common peroneal are: 

t. In the thigh, muscular rami (Fig. 577) to the short head of the biceps. 

2. The lateral sural cutaneous nerve comes from the trunk in the popliteal space, pierces 
the fascia, and ramifies in the skin of the calf and the lateral side of the leg down to the lateral 
malleolus. A strong branch forms the peroneal anastomotic ramus, which unites at the middle 
of the calf, at about the beginning of the tendon of Achilles, with the medial sural cutaneous 
nerve, to form the sural nerve. 

3. The superficial peroneal (musculocutaneous) nerve (Figs. 582 and 721) passes out between 
the two heads of the peroneus longus, sends muscular rami to both peronei muscles, and courses 
down the leg, covered at first by the peroneus brevis, and in the lower third of the anterior surface 
of the leg pierces the crural fascia to terminate as the principal nerve of the dorsum of the foot, 
usually dividing into two branches. These are: 

(a) The medial dorsal cutaneous nerve, which passes to the medial portion of the dorsum of 
the foot. It anastomoses with the saphenous nerve and supplies the skin of the dorsum of the 
foot, furnishes the medial (tibial) dorsal digital nerve of the hallux, and shares, in a variable manner 
with the following, the supply of the adjacent borders of the third to the fifth toes. 

(b) The intermediate dorsal cutaneous nerve (Fig. 721) anastomoses with the lateral dorsal 
cutaneous, innervates the skin of the dorsum of the foot, and furnishes dorsal digital nerves, usually 
for the adjacent borders of the third and fourth, and fourth and fifth toes. 

Thus the superficial peroneal supplies the medial border of the great toe, the lateral border 
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Fic. 721.—The superficial nerves and veins of the dorsum of the foot. 
* Anastomosis with the deep veins of the dorsum of the foot. 

Fic. 722.—A lateral view of the nerves and arteries of the second toe. 

Fic. 723.—A lateral view of the nerves and vessels of the index finger. 


of the second, both borders of the third and fourth, and the medial border of the fifth, the lateral 
border of the last being supplied by the sural nerve (see page 235), and the adjacent borders 
of the first and second toe by the deep peroneal nerve.* 

4. The deep peroneal (anterior tibial) nerve (Figs. 582 and 583) is mainly motor. Together | 
with the superficial peroneal it passes out between the two heads of the peroneus longus, then 
pierces the extensor digitorum longus and comes to lie in the crural interosseous space upon the 
anterior surface of the interosseous membrane, lateral to the anterior tibial artery. Like this 
it lies at first in the space between the extensor digitorum and tibialis anterior, then between 
the latter and the extensor hallucis. It gives off muscular rami to all three muscles, passes 
with their tendons beneath the cruciate ligament, gives off fine branches to the ankle-joint, and 
in the foot sends muscular rami to the extensores hallucis and digitorum brevis. The sensory 
terminal branch of the nerve accompanies the dorsal artery of the foot along the region of the 
first interosseous space, and after anastomosing with the medial dorsal cutaneous nerve, divides 
into two dorsal digital nerves for the lateral border of the great toe and the medial border of the 
second toe.* 


REVIEW OF THE MOTOR AND SENSORY FUNCTIONS OF THE LUMBAR AND SACRAL 
PLEXUSES IN THE LOWER EXTREMITY. 


Innervation of the Muscles. * 
I. Hip-muscles: 
Iliopsoas = lumbar plexus. Glutaeus maximus = inferior gluteal nerve (sacral plexus). Glutaeus medius, glutaeus 
minimus, tensor jascie late = superior gluteal nerve (sacral plexus). Obturator internus (in part), gemelli, quad- 
ratus femoris = sciatic nerve } (sacral plexus). 
II. Muscles of the thigh: 
Extensor quadriceps cruris, sartorius, pectineus (largely) = femoral nerve (lumbar plexus). Gracilis, adductor 
longus, pectineus (partly), adductor brevis, adductor magnus and minimus (largely), obturator internus (partly), 
obturator externus = obturator nerve (lumbar plexus). Semitendinosus, semimembranosus, long head of biceps, 
adductor magnus (partly) = tibial nerve (sacral plexus). Short head of the biceps = common peroneal nerve (sacral 
plexus). 
III. Muscles of the leg: 
Triceps sure, plantaris, popliteus, flexor digitorum longus, flexor hallucis longus, tibialis posterior == tibial nerve 
(sacral plexus). Peroneus longus, peroneus brevis = superficial peroneal nerve (sacral plexus). Tibialis anterior, 
extensor hallucis longus, extensor digitorum longus and peroneus tertius = deep peroneal nerve (sacral plexus). 
IV. Muscles of the foot: 
Dorsum of the foot: Extensor hallucis brevis, extensor digitorum brevis = deep peroneal nerve (sacral plexus). 
Sole of the foot: Flexor digitorum brevis, abductor hallucis, flexor hallucis brevis, two lunbricales = medial 
plantar nerve (sacral plexus). Quadratus plante, adductor hallucis, abductor digiti V, 
flexor brevis digiti V, opponens digiti V, dorsal interossei, plantar inteossei, two lum- 
bricales = lateral plantar nerve (sacral plexus). 


* By its anastomosis with the medial dorsal cutaneous nerve the deep peroneal, if it be only poorly developed, 
may be excluded from both borders of these toes, the medial dorsal cutaneous replacing it. 
+ Or direct branches from the sacral plexus or inferior gluteal nerve. 
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Innervatien of the Skin Areas. 

Subinguinal region =the lumbo-inguinal nerve (lumbar plexus). Anterior femoral region = anterior cutaneous rami 
of the jemoral nerve and partly the lateral femoral cutaneous nerve (lumbar plexus). Lateral femoral region = 
lateral femoral cutaneous nerve (lumbar plexus). Medial femoral region = anterior rami of the femoral nerve (below) 
cutaneous rami of the obturator (lumbar plexus). Gluteal region (lower half) = inferior cluneal nerves (sacral plexus). 
Posterior femoral region = posterior femoral cutaneous nerve (sacral plexus). Anterior region of the knee = anterior 
cutaneous rami of femoral nerve and infrapatellar ramus of the saphenous nerve (lumbar plexus). Posterior region 
of the knee = posterior femoral cutaneous nerve (sacral plexus). Anterior crural region = lateral sural cutaneous 
nerve (sacral plexus) and saphenous nerve (lumbar plexus). Lateral crural region = lateral sural cutaneous nerve 
(sacral plexus). Medial crural region = saphenous nerve (lumbar plexus). Posterior crural region = lateral and 
medial sural cutaneous nerves (sacral plexus), partly also the posterior femoral cutaneous nerve (sacral plexus). 
Dorsal region of the foot = saphenous nerve (lumbar plexus), medial, intermediate, and lateral dorsal cutaneous 
nerves (sacral plexus). Digital regions of dorsum of the foot = in order, from the medial to the lateral border, the 
nerves are: 1. Medial (tibial) dorsal digital nerve of hallux from the medial dorsal cutaneous nerve. 2. Lateral 
(fibular) dorsal digital nerve of the hallux from the deep peroneal nerve. 3. Medial (tibial) dorsal digital nerve 
of the second digit from the deep peroneal nerve. 4. Lateral (fibular) nerve of the second digit from the medial dorsal 
cutaneous nerve. 5. Medial (tibial) dorsal digital nerve of the third digit from the medial dorsal cutaneous nerve. 
6. Lateral (fibular) dorsal digital nerve oj the third digit from the intermediate dorsal cutaneous nerve. 7. Medial 
(tibial) dorsal digital nerve of the fourth digzt from the intermediate dorsal cutaneous nerve. 8. Lateral (fibular) 
dorsal digital nerve of the fourth digit from the intermediate dorsal cutaneous nerve. 9. Medial (tibial) dorsal nerve 
of the fijth digit from the intermediate dorsal cutaneous nerve. 10. Lateral (fibular) dorsal digital nerve of the fijth 
digit from the Jateral dorsal cutaneous nerve. All dorsal nerves of the toes arise from the sacral plexus; the 
saphenous nerve (lumbar plexus) reaches only to the base of the great toe. 

Calcaneal region = tibial nerve (sacral plexus) and sural nerve (sacral plexus). Plantar region = tibial nerve (sacral 
plexus). Plantar digital region = medial and lateral plantar digital nerves (sacral plexus). ‘The first furnishes 
seven proper plantar digital nerves, the last, three. The middle eight arise by the forking of the four common 
plantar digital, the two marginal directly from the lateral and medial trunk respectively. 


THE PUDENDAL PLEXUS. 


The pudendal plexus (Figs. 568, 715, and 727) arises mainly from the anterior rami of the 
fourth and a part of the third, usually also from a small part of the second, sacral nerves. It 
is usually frequently and closely connected to the sacral plexus and lies on the posterior surface 
of the pelvis and the lower border of the piriformis. From it several nerves arise for the pelvic 
viscera and especially the pudendal nerve, and strong anastomoses connect the roots of the plexus 
with the sacral ganglion and the hypogastric plexus of the sympathetic nerve. The branches 
of the pudendal plexus are: 

1. The middle hemorrhoidal nerves (Fig. 568) to that portion of the rectum which lies 
just above the floor of the pelvis. They unite with the sympathetic hypogastric plexus (see below). 

2. The inferior vesical nerves pass to the base of the bladder; in the female, vaginal nerves 
pass to the vagina. 

3. Muscular rami to the muscular floor of the pelvis, namely to the coccygeus and levator ani. 

4. The main part of the pudendal plexus forms the pudendal nerve (Figs. 568, 724, and 725) 
which passes through the greater sciatic foramen, below the piriformis, accompanying the internal 
pudendal vessels and with them passing through the small sciatic foramen into the ischiorectal 
fossa. In its further course, and as regards its branches, it also corresponds to the internal 
pudendal artery. It terminates as the dorsal nerve of the penis in man and dorsal nerve of 
the clitoris in woman, and a sensory, cutaneous branch of the nerve usually pierces the sacrotuber- 
ous ligament and winds about the medial border of the gluteus maximus (near its origin) to the 
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Fic. 724.—The nerves and vessels of the male perineum. 

Upon the left side, the superficial perineal musculature has been exposed and the ischiorectal fat removed; upon 
the right the transversus perinei superficialis has been divided, the urogenital diaphragm incised, and the ischiocavernosus 
drawn slightly to one side. * = Bifurcation of internal pudic artery into the perineal and penile arteries. 

Fic. 725.—The nerves and vessels of the female perineum. 
Upon the right side the bulbocavernosus has been partly removed and the vestibular bulb exposed, the transversus 

_perinei superficialis divided, and the urogenital diaphragm incised. ** — The origin of the internal pudic vein from 
the vestibular bulb (vena bulbi vestibuli). 


skin of the buttocks forming the inferior medial cluneal nerve. ‘The remaining branches of the 
pudendal plexus arise in its course through the ischiorectal fossa and are: 

1. The inferior hemorrhoidal nerves arise usually from the reticular first portion of the 
nerve and pass through the adipose tissue of the ischiorectal fossa to the external sphincter ani 
and to the skin of the anal region. 

2. The perineal nerve represents the superficial terminal branch of the pudendal nerve. 
It traverses the ischiorectal fossa lying medial to the main stem and nearer to the perineal integu- 
ment, and then passes, under cover of the superficial transverse perineal muscle, into the groove 
between the bulbocavernosus and ischiocavernosus. It is distributed to the skin of the anterior 
part of the anal region, and, together with the perineal rami of the posterior femoral cutaneous 
nerve, it supplies the skin of the perineum, the bulbocavernosus, the ischiocavernosus, the superfi- 
cial, and in part the deep transverse perineal muscles, also the anterior portion of the external 
sphincter ani. It terminates in the posterior scrotal (labial) nerves, which supply the posterior 
half of the skin of the scrotum in the male, of the labia majora and the vestibule of the vagina 
in the female.* 

3. The real (deep) terminal branch of the pudendal, the dorsal nerve of the penis (clitoris) 
(Figs. 568 and 571) accompanies in man the dorsal artery of the penis, and, lying laterally to it, 
passes forward along the dorsum of the organ to the glans penis, where it ramifies in the skin of 
the penis, the prepuce, and especially the glans. In the female the nerve is much smaller, but, 
as nerve of the clitoris, has a corresponding course. 


THE COCCYGEAL PLEXUS. 

The coccygeal plexus is by far the smallest plexus in the human body. It is made up mainly 
of the anterior rami of the fifth sacral and of the coccygeal nerves, and immediately succeeds 
the pudendal plexus, lying on either side of the lower end of the sacrum, on the sacrospinous 
ligament and coccygeus muscle. It receives sympathetic fibers from the lower sacral and the 
coccygeal ganglia of the sympathetic nerve, and gives origin to a few small nerves which are 
known as anococcygeal nerves and pass partly to the posterior portion of the levator ani, but mainly 
to the skin in the neighborhood of the coccyx (page 229). 


THE SYMPATHETIC NERVOUS SYSTEM. 


The sympathetic nervous system presents a distinct contrast to the cranial and spinal nerves, 
as well as to the whole central nervous system, in that it includes mainly the visceral and vascular 


* Thus the posterior half of the external genitals is supplied by the pudendal plexus, the anterior by the lumbar 
plexus (ilio-inguinal nerve, page 230). 
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nerves, and although it has manifold communications with the cerebrospinal system it represents, 
to a certain extent, an independent system. It is composed of a number of independent centers 
which form a chain on either side of the vertebral column, the successive centers being united 
by short nerve cords. The structure so formed is known as the sympathetic trunk, and the ganglia 
inserted in its course are the ganglia of the sympathetic trunk (Figs. 551, 693, 720, and 727). 

The ganglia of the sympathetic trunk are connected with the neighboring cerebrospinal 
nerves by rami communicantes, through which the cerebrospinal nerves receive sympathetic 
fibers, and, conversely, cerebrospinal fibers enter the sympathetic nervous system, there being 
thus a mutual anastomosis.* 

From the ganglia of the sympathetic trunk the branches of the sympathetic nervous system 
arise. hey differ from those of the cerebrospinal system in many respects, being in the first 
place of a grayish-white color, not pure white like the latter,f since they consist mainly of non- 
medullated nerve fibers, and furthermore, they rarely have a straight course and they form long 
branches. Much oftener, almost without exception, they form sympathetic plexuses which, 
especially in the region of the head, extend along the blood-vessels, and especially the arteries, 
cerebrospinal fibers having a part in the formation of the plexuses intended for the viscera of 
the thorax and abdomen. Imbedded in these sympathetic plexuses, especially the visceral ones, 
are numerous ganglia, some of which are, very large and others microscopically small; they are 
known as ganglia of the sympathetic plexuses and again give rise to sympathetic fibers. Many 
small microscopic ganglia may also be found in the organs themselves (heart, eye, intestines). 

The sympathetic fibers, like those of the cerebrospinal system, are partly motor and partly 
sensory, and the system supplies practically the entire nonstriated musculature of the body. { 


THE SYMPATHETIC TRUNK. 


The sympathetic trunk (Figs. 538, 587, 716, 726, and 727) is a paired structure resting upon 
the anterior (ventral) surface of the vertebral column, almost parallel to the median plane. Each 
trunk consists of a number of ganglia arranged at rather regular intervals, and united into a chain 
by usually short connecting cords. Since the sympathetic trunk ganglia develop as outgrowths 
from the spinal ganglia, the number of the former should typically agree with the latter, that is 
to say, a sympathetic trunk ‘ganglion should occur at the level of each vertebra. Throughout 
the greater part of the trunk such an arrangement occurs, a marked deviation from it being 
found only in the neck, where several ganglia blend to form an especially large superior cervical 


* [The fibers which pass from the cerebrospinal system to the sympathetic ganglia are medullated and form white 
rami communicantes, while those passing from the sympathetic ganglia to the cerebrospinal nerves are nonmedullated 
and are known as gray rami communicantes. The latter pass to the roots of practically all the spinal nerves, but the 
white rami are given off only by the thoracic and first and second lumbar and second and third or third and fourth 
sacral spinal nerves. The white rami fibers do not necessarily terminate in connection with the cells of the trunk gan- 
glion with which they first come into connection, but may pass these and terminate in a higher or lower ganglion, or 
even in one of the ganglia of the sympathetic plexuses.—ED.] 

Tt Several sympathetic nerves, such as the greater splanchnic, have relatively numerous medullated fibers, and, 
therefore, resemble the cerebrospinal nerves in color. 

t [it is probable that the sensory fibers contained in sympathetic nerves are really cerebrospinal fibers from the 
posterior root ganglia. The fibers which have their origin from the cells of the sympathetic ganglia are all nonmedullated 
and pass either to gland tissue or to nonstriped muscle (also to the heart musculature).—Ep. ] 
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ganglion, which represents the upper end of the entire sympathetic trunk. ‘The lower end of 
the trunk is formed by the coccygeal ganglion, situated at the level of the coccyx; it is very small, 
and in contrast to all the other ganglia of the trunk is unpaired, the trunks of the two sides uniting 
in it. In correspondence with the divisions of the vertebral column, cervical, thoracic, lumbar, 
sacral, and coccygeal ganglia may be recognized.* 

Each trunk ganglion is connected to the spinal nerves by the communicating rami (see 
above). Similar relations also exist with the cerebral nerves, some of which have connections 
with the superior cervical ganglion.T 

The sympathetic nerves may be divided into cephalic, cervical, thoracic, abdominal, and pelvic 
portions. The nerves of the cephalic portion have no independent centers, but arise from the 
upper end of the cervical part, and the abdominal and pelvic portions are intimately connected. 


THE CEPHALIC AND CERVICAL PART OF THE SYMPATHETIC NERVOUS SYSTEM. 


The cervical portion of the sympathetic trunk (Figs. 551 and 693) has only three ganglia; 
from these not only are the peripheral branches of the cervical portion of the system derived, 
but, from the superior one, also those of the cephalic portion. 

1. The superior cervical ganglion is by far the largest trunk ganglion, and, with the exception 
of the coeliac ganglion of the abdominal portion of the system, is the largest sympathetic ganglion 
of the body. It is elongated, spindle-shaped, pointed above and below, and widest at its middle, 
but its width is scarcely one-third of its length, and it is situated behind the internal carotid and 
in front of the superior end of the longus capitis, at the level of the transverse processes of the 
first to the third cervical vertebree. From its upper end the internal carotid nerve arises, the 
principal nerve of the cephalic portion of the sympathetic system, while its lower end gives origin 
to a long, communicating branch to the middle cervical ganglion. 

The middle cervical ganglion is always much smaller than the superior, but is usually con- 
stant. However, it is sometimes entirely absent and is much more variable in its relations than 
the other two. It is of a round or oval shape and is situated at the level of the sixth or seventh 
cervical vertebra, somewhat distant, therefore, from the superior ganglion, and at the upper 
or lower border of the thyreocervical trunk or the inferior thyreoid artery itself, generally a 
little above the highest point of the arch of the subclavian artery. 

The injerior cervical ganglion is usually larger than the medial one, often even double its 
size, and of a flattened oval shape. It lies behind the subclavian artery close to the origin of 
the vertebral artery, just above the first thoracic ganglion, with which it frequently blends to 
form a single large ganglion. With respect to the vertebral column it lies in such a position as 
to correspond to the transverse process of the seventh cervical vertebra and the neck of the first 
rib. 

That part of the sympathetic trunk which is not ganglionic and unites the three cervical 
ganglia is a round, but rather thin, nerve cord lying in front of the longus colli and the prevertebral 


* The number of sympathetic ganglia is not quite constant. Sometimes an accessory ganglion occurs, or a normal 


one may be divided into two parts. 

T {Certain ganglia in the head region, such as the ciliary, sphenopalatine, otic, and submaxillary, must be regarded 
as sympathetic ganglia, and some of the fibers passing to them from the cerebral nerves, such as the chorda tympani 
fibers passing to the submaxillary ganglion, must be regarded as equivalent to white rami fibers.—Eb.] 
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lamina of the cervical fascia, behind the large cervical vessels, especially the common or internal 
carotid artery, according to the level at which it is examined. That part which unites the two 


‘lower ganglia, which-are quite close to one another, is very short and divides into two parts, 


which surround the subclavian artery. ‘The posterior part is shorter and thicker than the anterior 
one and passes from the middle ganglion downward and backward to the inferior ganglion, which 
lies at a somewhat deeper level. The anterior part is thin and much longer than the posterior; 
it passes in front of the subclavian artery, winds around its anterior inferior surface, and behind 
it, again ascends to the inferior cervical ganglion. ‘The delicate loop by which the subclavian 
is thus surrounded is termed the subclavian ansa (ansa of Vieussens) (Fig. 726). 


THE PERIPHERAL BRANCHES OF THE CEPHALIC AND CERVICAL PORTIONS, 


From the superior cervical ganglion arise: 

1. Rami communicantes (gray) to the first, second, third, and occasionally also to the fourth 
cervical nerves, and branches to the hypoglossal. 

2. The jugular nerve (Fig. 693), a communication between the ganglion and the ganglion 
nodosum of the vagus and the petrosal ganglion of the glossopharyngeal. Both branches may 
have independent courses. 

3. The internal carotid nerve (Figs., 693, 685, and 689) arises from the upper pointed end 
of the ganglion and represents the direct continuation of the sympathetic trunk to the head. 
Passing along the posterior medial surface of the internal carotid artery it passes into the carotid 
canal and forms the important internal carotid plexus (see below). 

4. The external carotid nerves are several delicate fibers which form the much weaker external 
carotid plexus. 

5. The laryngopharyngeal rami (Fig. 693), the majority of which arise as relatively strong 
branches from the superior cervical ganglion, together with the vagus and glossopharyngeal 
nerves, form the pharyngeal plexus. Several branches may also pass with the superior laryngeal 
nerve to the larnyx, while others form the small ascending pharyngeal plexus along the ascending 
pharyngeal artery. 

6. The superior caraiac nerve (Fig. 693) arises from the inferior border of the superior 
ganglion and for a short distance accompanies the sympathetic trunk itself, lying medial to it. 
Often it divides into several anastomosing branches. It unites with the cardiac branches of 
the vagus and helps to form the cardiac plexus. 

From the middle cervical ganglion arise: 

t. The middle cardiac nerve (Fig. 693), which consists of several reticularly connected fibers, 
and passes down the medial posterior surface of the subclavian artery (on the right side the 
innominate artery) to the arch of the aorta, and ends in the cardiac plexus. 

2. Fine branches to the common carotid plexus. 

3. Rami communicantes (gray) (Fig. 726) to the fourth, fifth, and sixth cervical nerves. 

From the inferior cervical ganglion arise: 

1. Rami communicantes (gray) to the sixth to the eighth cervical nerves and partly also 
to the first thoracic nerve. 

2. The injerior cardiac nerve is usually strengthened by a branch from the first thoracic 

I1I—16 
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ganglion (the lowest cardiac nerve), and is connected with the middle cardiac nerve, as well as 
with the cardiac branch of the recurrent nerve, and together with them passes to the cardiac 
plexus (see below). : 

3. Delicate branches to the subclavian plexus (see below). 


THE PLEXUSES OF THE CEPHALIC AND CERVICAL PORTIONS. 


1. The internal carotid plexus (Figs. 679, 685, and 689), in the form of a wide-meshed 
plexus, surrounds the internal carotid artery in its course through the carotid canal and the cay- 
ernous sinus, the part lying in the sinus being somewhat narrower meshed and known as the 
cavernous plexus. During the course of the plexus an occasional small ganglion is inserted 
(carotid ganglion). From the plexus branches arise which communicate with the cerebral nerves 
and also a number of other smaller plexuses of the head. These branches and plexuses are: 

(a) The superior and injerior caroticotympanic nerves, which pass to the tympanic plexus 
(page 207). 

(b) The deep petrosal nerve, which passes to the sphenopalatine ganglion (see page 200). 

(c) Fine branches to the semilunar ganglion of the trigeminus. 

(d) Communicating branches to the abducens, often also to the oculomotor. 

(e) Plexuses which accompany the cerebral vessels (plexuses of the anterior cerebral, the 
middle cerebral, and chorioidal arteries). 

(f) The ophthalmic plexus, which penetrates into the orbit along the ophthalmic artery. 

(g) The sympathetic roots of the ciliary ganglion (page 198), which pass partly independently 
and partly with the nasociliary nerve to the ganglion, and conduct to it, among other fibers, the 
motor fibers for the dilator of the pupil (see ‘‘ Special Sense Organs ”’). 

2. The external carotid plexus is much weaker than the internal. It is formed by the 
external carotid nerves and surrounds the artery in the form of a very fine plexus, being also 
continued along the majority of its branches and giving off branches to the carotid glomus. It 
thus gives rise to the following: A superior thyreoid plexus, a lingual plexus, an external maxillary 
plexus with the sympathetic root of the submaxillary ganglion (page 203), an occipital plexus, a 
posterior auricular plexus, a’ superficial temporal plexus, an internal maxillary plexus, which gives 
rise to the meningeal plexus, and the sympathetic root of the otic ganglion. 

3. The common carotid plexus consists of only a few fibers coming from the middle gan- 
glion and furnishes vascular branches to the artery. 

4. The subclavian plexus consists of delicate fibers from the inferior ganglion and is con- 


tinued as the internal mammary, inferior thyreoid, and vertebral plexuses along the main branches 
of the artery. 


THORACIC PORTION OF THE SYMPATHETIC NERVOUS SYSTEM. 


The thoracic portion of the sympathetic trunk (Figs. 538, 587, and 726) forms a chain of 
from eleven to twelve thoracic ganglia, which are connected by short, often double, nerve cords. 
These course in front of the intercostal vessels and nerves, thus bridging the posterior part of 
the intercostal space. The uppermost thoracic ganglion is united by a very short portion of 
the trunk with the inferior cervical ganglion; the lowest with the first lumbar ganglion. 
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The thoracic part of the sympathetic trunk is situated, with its ganglia, in front of the heads 
of the ribs and is covered only by the endothoracic fascia and costal pleura. At the level of the 
head of each rib * a ganglion occurs. The two lower ganglia are also covered by the lumbar 
portion of the diaphragm, so that the communicating ramus to the first lumbar ganglion must 
pass through its intermediate and lateral crura. The upper and lower thoracic ganglia are 
larger than the middle ones, but smaller than the superior and also than the inferior cervical 
ganglion. Their shape is oval or triangular, and usually flattened. Besides (large) communica- 
ting rami to the intercostal nerves and delicate branches to the aortic plexus, two large visceral 
nerves arise from the thoracic portion of the sympathetic trunk, which unite the sympathetic 
trunks of the two sides while passing downward in front of the vertebral column, and are 
among the strongest peripheral branches of this system; they are known as the splanchnic 
nerves. 

1. The greater splanchnic nerve (Figs. 538, 587, and 726) arises by several roots from the 
fifth or sixth to the ninth or tenth thoracic ganglion, turns medially and downward, coursing 
across the lateral surfaces of the bodies of the lower thoracic vertebra, and passes through the 
diaphragm between the mediai and intermediate crura of the lumbar portion, and, therefore, 
medial to the sympathetic trunk. In the abdominal cavity it terminates in the cceliac plexus. 
A ganglion which may occur in the course of the relatively strong and whiteT nerve is called 
splanchnic ganglion. 

2. The lesser splanchnic nerve arises from the two lowest thoracic ganglia, courses parallel 
with the major, but lateral to it, pierces the diaphragm, and passes partly to the cceliac ganglion, 
but also by its renal ramus to the renal plexus. 

In addition two plexuses occur in the thoracic cavity, one of which is formed entirely by 
the sympathetic system and the other in large part.$ 

1. The thoracic aortic plexus is a fine, weak plexus which surrounds the thoracic aorta and 
passes with it through’ the aortic hiatus into the abdominal cavity. Here it becomes continuous 
with the abdominal aortic plexus. 

2. The cardiac plexus is formed by the sympathetic system together with the vagus nerve. 
It is a wide-meshed plexus which surrounds the arch of the aorta, the ascending aorta, and the 
pulmonary artery, and, in addition to smaller ganglia, possesses a larger, constant cardiac ganglion 
(the ganglion of Wrisberg), which lies between the point of division of the pulmonary artery and 
the arch of the aorta. 

The cardiac plexus is formed: 1. From the vagus|| of either side, by the cardiac branches 
(see page 209) which originate partly from the trunk of the vagus, partly (the majority) from 

*Tf the number of ganglia is less than twelve, as is often the case (eleven, more rarely ten or nine), a gan- 


glion does not correspond with the head of each rib, but either one or more of them lie in the intervals between 
successive ribs. 

1 The greater splanchnic nerve is whiter than the sympathetic trunk, since it contains a greater number of medullated 
fibers. 

t Occasionally the renal ramus is independent and forms a small, third splanchnic nerve, the least splanchnic nerve. 

§In contrast to the cardiac plexus the pulmonary plexus is formed almost completely by the vagus (see page 
210), although a few sympathetic pulmonary branches take part. 

|| Also the inferior end of the descending branch of the hypoglossal (see page 212) occasionally takes part in the 
formation of the plexus. 


244 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


Fic. 726.—The thoracic portion of the sympathetic trunk and the thoracic and abdominal portions of 
the vagus nerve. 

The anterior thoracic wall has been removed by a frontal section, the veins have been cut away, and the only arteries 
left are the aorta and some of its branches. All the’ thoracic viscera have been removed; of the abdominal viscera, only 
the stomach has been left im sztw. 

Fic. 727.—The abdominal and pelvic portions of the sympathetic trunk. 

The anterior abdominal and pelvic walls have been removed, the lumbar plexus exposed by removal of the psoas 

major, and the aorta left im situ up to its bifurcation. * — Visceral branches of the pudendal plexus. 


its laryngeal branches. 2. From the sympathetic system of either side by the superior, middle, 
and inferior cardiac nerves of the cervical trunk ganglia. 

From the cardiac plexus numerous nerves arise for the heart wall and penetrate it partly 
independently, partly by way of the anterior and posterior coronary plexuses, which extend along 
the corresponding arteries. 


THE ABDOMINAL AND PELVIC PORTIONS OF THE SYMPATHETIC NERVOUS SYSTEM. 


The abdominal and pelvic portions (Figs. 568, 716, and 727) are distinguished by the exten- 
sive and strong plexuses which here represent the peripheral part of the sympathetic system, 
and in comparison with which the sympathetic trunk becomes insignificant. 

The sympathetic trunk of the abdominal cavity and pelvis includes the four or five Jwmbar 
ganglia, four (to five) sacral ganglia, and the unpaired coccygeal ganglion. 

The lumbar ganglia (Figs. 716 and 727) are smaller than the thoracic (especially than the 
lower ones), and lie on the medial border of the psoas major muscle, thus relatively much nearer 
to the middle line than the thoracic ganglia. On the right side they are more or less covered by 
the inferior vena cava, and in the left they lie along the left border of the abdominal aorta. The 
connecting cords between the successive ganglia are a little longer and thinner than those of 
the thoracic region. The ganglia are connected with the corresponding lumbar nerves by ramz 
communicantes, and the ganglia of either side are also connected by oblique transverse branches 
which pass behind the aorta and inferior vena cava. In addition branches from the lumbar 
ganglia pass to the large plexuses of the abdominal cavity. 

The sacral ganglia (Figs. 568 and 727) are about equal in size to the lumbar, but diminish 
from above downward. ‘They lie in front of the pelvic surface of the sacral bone, medial to the 
anterior sacral foramina, so that the nerves of the two sides converge below, both trunks finally 
uniting in the unpaired coccygeal ganglion. They are connected by relatively thin portions 
of the trunk, and here the trunks and ganglia of either side anastomose by transverse branches 
to a much greater extent than do the lumbar ganglia. In addition the sacral ganglia give rami 
communicantes to the anterior branches of the sacral nerves and are connected with the hypo- 
gastric plexus. 

The coccygeal ganglion (Fig. 727) is unpaired, and is usually very small or replaced by a 
small plexus. Through its communicating rami it anastomoses with the fifth sacral and the 
coccygeal nerve. 
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THE SYMPATHETIC PLEXUSES OF THE ABDOMINAL CAVITY. 


1. The abdominal aortic plexus (Fig. 727) is a wide-meshed plexus lying on the abdominal 
aorta and is connected with the other main plexuses of the abdomen. Below, at the bifurcation 
of the aorta, it passes into the hypogastric plexus. 

2. The celiac plexus (Fig. 727) is the largest sympathetic plexus of the body and consists 
mainly of two large, semilunar celiac ganglia which lie one on either side of the abdominal 
aorta at the level of the origin of the coeliac artery. They are connected by numerous transverse 
anastomosing branches which form the cceliac plexus, this surrounding the origin of the cceliac 
artery and extending down to the root of the superior mesenteric artery and laterally to the middle 
crura of the lumbar portion of the diaphragm. The inferior part of the plexus usually has an 
additional unpaired ganglion, lying at the root of the superior mesenteric artery, and known as 
the superior mesenteric ganglion. ‘The splanchnic nerves enter the cceliac plexus, the greater 
entirely and the lesser partly, and sympathetic fibers pass to it from the thoracic aortic plexus, 
vagus fibers from the cesophageal and gastric plexuses, and phrenic fibers from the phrenico- 
abdominal nerves. From the plexus numerous fibers pass out in all directions and communi- 
cate with almost all the other plexuses of the abdominal cavity; for the most part, however, 
they form further plexuses. These are: 

(a) The phrenic plexus, paired, along the inferior phrenic artery, contains a few small phrenic 
ganglia. 

(b) The superior gastric plexus, unpaired, ramifies from the lesser curvature to the anterior 
and posterior surface of the stomach and unites with the two gastric plexuses of the vagus (page 211). 

(c) The hepatic plexus, also unpaired, passes along the hepatic artery to the liver, anasto- 
moses with the superior gastric plexus and divides at the portal fissure of the liver into a right 
and left hepatic plexus, whose branches penetrate into the liver with the arterial branches and 
also pass to the gall-bladder, the ligamentum teres and the ligament of the ductus venosus. Fur- 
thermore, branches ef the hepatic plexus pass along the greater curvature of the stomach with 
the right gastro-epiploic artery to the stomach wall and form— 

(d) The tnjerior gastric plexus. 

(e) The splenic plexus passes with the corresponding artery to the pancreas, the fundus 
of the stomach, and the spleen. 

3. The suprarenal plexus is strong and paired, and extends to the hilus of the suprarenal 
body and forms small (microscopic) ganglia within the organ. 

4. The renal plexus lies at the origin of each renal artery from the abdominal aorta, and 
is, therefore, also paired. It communicates with the coeliac and superior mesenteric plexuses 
and receives the renal branch of the lesser splanchnic nerve. Its branches penetrate with the 
arteries into the kidneys. 

5. The internal spermatic plexus accompanies the corresponding artery, and in the male 
terminates in the scrotum, in the female in the ovary (plexus of the ovarian artery). 

6. The superior mesenteric plexus is strong and unpaired. It arises from the lower end of 
the coeliac plexus and really represents its direct continuation. It furnishes almost all branches 
to the intestinal canal, these ramifying along the corresponding artery and its branches, and 
forming with the vagus the myenteric and submucous plexuses, especially the latter. 
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7. The injerior mesenteric plexus is also unpaired and passes almost insensibly into the 
unpaired part of the following plexus. It sends its rami along the corresponding artery and 
its branches to the descending colon and rectum. The superior hemorrhoidal nerves to the 
latter form the unpaired superior hemorrhoidal plexus. 

8. The hypogastric plexus, the large sympathetic plexus of the pelvis, is unpaired at its 
origin and lies in front of the fifth lumbar vertebra and the promontory in the form of a strong 
elongated plexus. From this the paired plexuses for the lower extremities arise and also paired 
portions of the plexuses which pass along the hypogastric artery on either side into the true pelvis. 

The plexuses to the limbs are known as the iliac plexuses. They accompany the common 
iliac and external iliac arteries, are but feebly developed, and are continued downward as the 
femoral and popliteal plexuses along the arterial trunks. . 

The pelvic part of the hypogastric plexus (Figs. 568 and 727) is strengthened by fibers 
from the sacral ganglia of the sympathetic trunk and also receives numerous cerebrospinal 
branches from the pudendal plexus. It lies beside the rectum upon the pelvic surface of the 
levator ani, close to the vagina in the female and on the fundus of the bladder in the male. 
Together with the fibers from the pudendal plexus it forms a number of smaller plexuses: 

(a) The middle hemorrhoidal plexus on the rectum. 

(b) The prostatic plexus on the prostate. 

(c) The deferential plexus on the ampulla of the vas deferens and the seminal vesicles. 

(d) In the female, the large uterovaginal plexus, especially well developed on the lateral 
border of the cervix uteri, where it contains some constant ganglia. 

(e) The vesical plexus on the bladder. 

({) The cavernous plexus of the penis (clitoris) which forms the terminal part of the hypo- 
gastric plexus. It lies at the root of the penis (clitoris) and sends the major cavernous nerve and 
the minor cavernous nerves of the penis (clitoris) to the corpus cavernosum, where they course 
in company with the deep vessels of the penis (clitoris). They are principally of sympathetic 
origin, while the dorsal nerves of the penis are of spinal origin. 


THE SENSE ORGANS. 
THE VISUAL ORGAN OR EYE. 


THE main constituent of the organ of sight is the eyeball with the optic nerve; it represents 
the true organ of vision. To it are added the accessory visual organs, serving partly as a motor 
apparatus, partly as protective organs. : 


THE EYEBALL, 


The eyeball (bulbus oculi) (Figs. 728 and 731) is an almost spherical body situated in the 
orbital cavity, whose anterior end is formed by a segment of a sphere with a smaller radius, while 
at the posterior end the optic nerve is attached, forming, as it were, a stalk for the eyeball. 
The eyeball is not completely contained in the orbit, but projects considerably beyond the 
lateral portion of the orbital opening, so much so that its equator is only slightly behind the lateral 
border of the orbit. On the other hand, the superior, inferior, and, for the most part, the medial 
surfaces * of the bulb are protected by the bony orbital cavity, the vertical diameter of the orbital 
opening passing just in front of the most prominent part of the cornea, while the horizontal 
diameter is behind it. Nor does the eyeball nearly fill the orbital cavity. The posterior pole 
lies at about the middle of the length of the orbit, so that the eyeball occupies only its anterior, 
more spacious half, and is surrounded not only by its muscles and fascia, but also with a rich 
cushion of adipose tissue, the adipose body of the orbit. The long axis of the eyeball does not 
exactly coincide with that of the orbital cavity, but lies somewhat lateral to it; the same is true 
of the relative positions of the center of the orbit and of that of the eye. 

The shape of the eyeball varies, though only slightly, from the sphere and approaches that 
of an ellipsoid. Its largest diameter is diagonal (from medially and above laterally and down- 
ward). The anterior extremity is known as the anterior pole, the posterior one as posterior pole, 
the former corresponding to the point of greatest curvature of the cornea, the latter to a point 
close to the central fovea of the retina (see below). The line connecting the two poles is the 
axis, and it is convenient to make a distinction between an external ocular axis, which is con- 
sidered to pass from the vertex of the cornea to the point on the external coat of the eye which 
corresponds to the posterior pole, and an internal ocular axis, which unites the posterior plane of 
the corneal surface with the inner surface of the retina at the point corresponding to the posterior 
pole. The length of the external axis averages 24 mm., that of the internal 21.78 mm. 

The optical axis differs somewhat from the anatomical axis of the eye.t It extends from the 
vertex of the cornea to the floor of the central fovea and crosses the axis of the eye at a very 
acute angle, while the latter makes an angle of about 20° with a line which represents a pro- 
longation of the optic nerve. 

* These relations differ in individuals, partly also very markedly in different races, and under certain conditions 


also to a slight extent on the two sides in the same person. 
+ The physiological conception of the line of vision is to be distinguished from the optical axis. 
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Fic. 728.—A meridional section of the human eye-ball (diagrammatic). 
The inner tunic is blue; the middle tunic red. 
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The transverse diameter of the eyeball is of about the same size as the axis (24 mm.), and 


connects the nasal surface with the temporal surface at the line of greatest width, while the vertical 


diameter is smaller, being only 23.5 mm.* 

The eyeball is formed mainly by three concentric coats, which are curved in correspondence 
with the external form of the ball. They surround the transparent, partly fluid, partly compact 
contents of the eyeball, and are known as the external fibrous tunic, the middle or vascular tunic 
and the internal tunic or retina. 


THE FIBROUS TUNIC OF THE EYE, 


The fibrous tunic is by far the largest of the three coats, and is decidedly the firmest. It 
encloses the whole eyeball like a capsule, and is divided into an anterior, smaller, transparent, 
more curved portion, the cornea, and a larger, posterior, opaque portion, the sclera, about five- 
sixths of the circumference being formed by the latter and one-sixth by the cornea. 

The Sclera.—The sclera (Figs. 728 to 731, and 733 to 735) is a firm, thick fibrous coat, 
composed of interlacing bundles of connective tissue, and has a white color. In its posterior 
medial portion it is very intimately connected with the dural sheath of the optic nerve, anteriorly 
it is quite sharply marked off from the cornea, although in reality it is directly continuous with 
the tissue of the latter. It is thicker in,the posterior portion of the eyeball than at the equator, 
in front of which it again thickens, being strengthened by the recti muscles that are inserted 
here.t It becomes continuous with the cornea, either by forming a sort of groove (corneal rima) 
for the reception of the corneal border or it merely overlaps the cornea externally. The scleral 
sulcus is the groove on the anterior surface of the eyeball which indicates the junction of sclera 
and cornea, and corresponding to it, near its posterior surface and still in the region of the sclera, 
is a ring-like vein or a simple circular plexus, the so-called canal of Schlemm or the scleral venous 
sms. 

On its posterior surface, on the nasal side of the axis, the sclera is pierced by the bundles 
of the optic nerve, which produce a cribriform area in the sclera, the lamina cribrosa oj the 
sclera. In addition the sclera is perforated obliquely at various points of its surfaces by the 
ciliary nerves and vessels entering the eyeball. 

The sclera is very poorly supplied with vessels. Its inner surface is very smooth and is 
connected with the middle tunic by a thin layer of very delicate, loose, pigmented tissue, known 
as the lamina jusca. Connected with the rougher outer surface, in addition to the sheath of 
the optic nerve, there are also the tendons of the six muscles of the eye, as well as the episcleral 
connective-tissue layer of the conjunctiva (see page 273). 

The Cornea.—The cornea is a transparent structure, shaped somewhat like a watch-crystal 
and curved more strongly than the sclera. It forms the anterior sixth of the eyeball and is not 
exactly circular in outline, but is a little broader in its horizontal than in its vertical diameter. { 
In looking at it from in front it seems transversely elliptic, but from behind it is exactly circular, 


* The medial surface of the eye, that nearest the nose, is known as the nasal surface, that nearest the temple 
as the temporal surface. 

7 The greatest thickness of the sclera (posteriorly) is 1 mm.; the least (behind the tendons of the recti muscles) 
0.3 to o.4 mm.; the mean (behind the equator and at the line of the insertion of the recti muscles) 0.6 mm. 

t The vertical diameter of the cornea averages 11 mm., the horizontal 11.8 mm. 
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Fic. 729.—The right eyeball of the human subject divided in half by a meridian section. (Enlarged 
five times.) 
The vitreous body has been removed. n= Nasal, t = temporal. 
Fic. 730.—The left eyeball of a four-year-old child divided in half by a meridian section, showing a well- 
developed hyaloid canal and the remains of hyaloid vessels. 
A portion of the vitreous body has been removed on the nasal side. n— Nasal, t temporal. * = Remains 
of the hyaloid vessels. 
Fic. 731.—The middle tunic of the eye exposed by meridian sections of the outer tunic. (Enlarged four 
times.) : 
* — Cut margin of pectinate ligament. 
Fic. 732.—The anterior aspect of the middle tunic of the eye after complete removal of the outer tunic. 
(Enlarged five times.) 
*k — Cut margin of the cornea. 


this appearance being due to the fact that on the anterior surface of the eyeball the border of the 
sclera covers the cornea a little more above and below than at the sides. 

The surfaces of the cornea are known as the anterior surface, which is convex, and the pos- 
terior surface, which is concave. ‘The center, the point of greatest curvature, is the corneal vertex, 
and the periphery, which is embraced by the sclera in the region of the corneal rima, the corneal 
limbus. ‘The cornea is not noticeably thicker than the sclera, but it is thicker at the periphery 
than at the middle.* 

Both corneal surfaces are free, the anterior facing the conjunctival space, the posterior 
bounding the anterior chamber of the eye. The true corneal substance or substantia propria 
is in direct continuity with the scleral tissue; its anterior surface is covered by an anterior elastic 
lamina (Bowman’s membrane), the posterior by a posterior elastic lamina (Descemet’s membrane) ; 
upon the latter rests the endothelium of the anterior chamber and upon the former the corneal 
epithelium, which is directly continuous with the conjunctival epithelium. At the junction of the 
conjunctiva with the periphery of the cornea a narrow ring, the conjunctival annulus, is formed. 

The cornea is completely devoid of blood-vessels, but marginal loops pass a short distance 
(about 1 mm.) into the substantia propria. It is, however, exceedingly well supplied with nerves, 
which extend into the epithelium.t 


THE VASCULAR TUNIC.{ 


The vascular tunic is a delicate, pigmented, soft coat, which contains the vessels and (internal) 
muscles of the eye. It is divided into three parts: a posterior part, lying close to the sclera, but 
separated from it by the lamina fusca, is the chorioid, which is perforated at the point of entrance 
of the optic nerve; an anterior part, the iris, has the shape of a diaphragm with a central, round 
opening, the pupil, and is separated from the cornea by the anterior chamber of the eye; and a 
middle, thickened part is the ciliary body, which, at the corneal rima, is in close connection with 
the sclera by means of a ring-shaped thickening, the ciliary annulus. 

The Chorioid.—The chorioid (Figs. 728 to 734) is a thin coat, 0.5 to o.8 mm. in thickness, 
rich in pigment and blood-vessels, whose smooth inner surface faces the retina and the outer 


* The thickness at the middle is 0.8 to 0.9 mm., at the periphery 1.1 mm. 
+ For details see the Sobotta-Huber Atlas and Epitome of Histology. 
t Also called middle tunic or uvea. { f 
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surface the sclera. It is separated from the latter by a very narrow space, the perichorioidal 


space, which is traversed, however, by vessels and nerves which penetrate through the sclera; 


so that the outer surface of the chorioid seems rough after its removal on account of the broken 
vessels. The chorioid is of a brownish color, the intensity of which depends upon the general 
development of pigment (in the hair, etc.) of each individual, and upon its outer surface are the 
larger vessels and nerve stems, which run, for the most part, in a meridional direction and forward, 
and the collecting vorticose veins, formed by the union of venous branches arranged in a radiating 
manner (Fig. 744). That layer of the chorioid in which we find the larger vessels and nerve 
stems is known as the lamina vasculosa; it does not immediately adjoin the lamina fusca. of the 
sclera or the perichorioidal space, but is separated from it by a thin connective-tissue stratum, 
which is also pigmented and is known as the suprachorioidal lamina. Internal to the lamina 
vasculosa is the choriocapillary lamina, which contains the ramifications of the smaller vessels and 
is separated from the retina by a fine, elastic membrane, the basal lamina (Bruch’s membrane). 
At the point where the optic nerve pierces the tunics of the eye the chorioid is perforated (the 
optic foramen of the chorioid), and the margins of the perforation being united to the connective 
tissue surrounding the optic nerve, as well as also to the sclera, the chorioid and sclera are fused 
at this point.* Anteriorly, the chorioid passes without demarcation into the ciliary body. 
The Ciliary Body.—The ciliary body (Figs. 733, 735, and 736) is a circular thickening of 
the vascular tunic. Posteriorly it passes into the chorioid without presenting any distinct line 
of junction, while anteriorly the outer border of the iris arises from it. It consists of the ciliary 
muscle on the one hand and the ciliary corona and orbiculus ciliaris on the other. The ciliary 
muscle is a circular muscle lying in the region of the ciliary annulus, close to the inner surface of 
the anterior border of the sclera, and is distinguished from the remaining parts of the chorioid 
by the scantiness of its pigmentation. Its shape in section is almost that of a three-sided prism, 
so that in cross-section it appears triangular, with the longest side of the triangle close to the 
inner surface of the sciera. It consists of outer meridional fibers and inner circular fibers, the 
latter not coursing exactly equatorially, but obliquely or radially. The origin of the main merid- 
ional mass of fibers lies on the inner surface of the corneal rima, and from this the fibers pass in 
a meridional direction backward into the chorioid tissue (tensor chorioidee). The orbiculus 
ciliaris is that part of the ciliary body which passes over into the chorioid posteriorly, and is a 
zone about 2 mm. wide, its junction with the chorioid coinciding with the ora serrata of 
the retina (page 253). Here certain structural peculiarities of the chorioid (the lamina chorio- 
capillaris) cease, a thickening of the coat appears, and gradually the folds of the ciliary corona, 
so characteristic of the inner surface of the ciliary body, begin. The corona consists of seventy 
(more rarely seventy-one to seventy-two) radiating, deeply pigmented processes, the ciliary 
processes, which begin even in the region of the orbiculus ciliaris as very low folds and gradually 
increase in height toward the iris, attaining their greatest height of about 1 mm. immediately 
along the external border of the iris. Examined with a lens, they are seen to be not smooth, but 
finely notched and swollen, their free borders projecting into the cavity of the eyeball. Frequently 
a single ciliary process is formed by the blending of several folds of the orbiculus ciliaris. The 


* The border of the chorioidal foramen often appears as a dark ring about the optic disc, when the eye is examined 
with the ophthalmoscope. 
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Fic. 733.—The anterior half of an equatorially bisected right eyeball, as seen from behind. The vitreous 
body has been removed. (Enlarged five times.) 
n = Nasal; t = temporal. 
Fic. 734.—The posterior half of an equatorially bisected right eyeball, as seen from in front. The 
vitreous body has been removed. (Enlarged five times.) 
t = Temporal; n = nasal. 
Fic. 735.—A portion of the preparation depict in Fig. 733. (Enlarged ten times.) 
Fic. 736.—The posterior surface of the iris and of the ciliary body after the removal of the lens. (Enlarged 
ten times.) 
Upon the left the zonular fibers have been removed. * = Folds of the iris. 


free ends of the processes do not reach the lens, but remain at a distance of about 1 mm. from 
its equator, and in the furrows between the processes is a variable number of folds, which project 
less strongly, are narrower and shorter, although resembling in appearance the ciliary processes; 
these are the ciliary folds, and both the folds and the processes appear to have a dark color because 
they are covered by the pigment layer of the retina, the pigment stratum of the ciliary body (page 
253). ‘The fibers of the ciliary zonule (page 257) pass through the groove between the processes, 
and the folds and processes together form the ciliary corona. 

The Iris.—The iris (Figs. 728 to 732, and 736) has the form of a disc with a circular opening 
in the middle, this disc being placed perpendicular to the axis of the eye and separated from the 
cornea by the anterior chamber of the eye. ‘The anterior surjace is almost plane, being made 
slightly convex anteriorly only by the anterior surface of the lens, and faces the anterior chamber 
of the eye, while the posterior surjace partly rests upon the anterior surface of the lens and partly 
bounds the posterior chamber. The inner sharp border, surrounding the pupil, is almost exactly 
circular and is known as the pupillary margin, and the outer border, passing over into the ciliary 
body, is the ciliary margin. It is connected with the posterior surface of the cornea, and especially 
with its posterior elastic membrane, by the pectinate ligament, a structure only weakly developed 
in man, and consisting of a number of separate lamelle, separated by fine (microscopic) spaces, 
the spaces oj the angle of the iris (spaces of Fontana); it rounds off the angle between cornea and 
iris, known as the angle of. the iris (see below). 

The pupil is a practically circular aperture situated exactly, or almost so,* in tie center of 
the iris, and differing in size according ‘to its state of contraction. 

The anterior and posterior surfaces of the iris are decidedly dissimilar in appearance. On 
the anterior surface, about 1 mm. from the pupillary border, is a slightly serrate line or ridge, 
concentric to the pupillary border; it separates the narrow pupillary zone of the iris, the annulus 
iridis minor, from the broad ciliary zone, the annulus iridis major. The former shows (only 
when examined with a lens) fine, shallow indentations, which increase in number toward the 
pupil, the latter, in light eyes (blue or bluish gray) shows wavy radial stripes, corresponding to 
blood vessels. The pupillary border of the iris itself, especially when the dilator iridis is relaxed, 
has a slightly serrate appearance, this serration being an expression of the radial folds of the 
posterior surface of the iris which extend to the pupillary border, and the serrated border is 
also dark, since the pigment of the posterior surface extends to the very border. 


* To be exact, the center of the pupil is a little nasal to the center of the iris. 
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The individual color variation of the anterior surface of the iris is due to a greater or less 
amount of pigmentation. In blue or bluish-gray eyes the iris is poor in pigment and permits the 
pigment of the pigmented epithelium of the retina, lying on its posterior surface, to shine through; 
in darker (dark-brown or brown eyes) the stroma of the iris itself is rich in pigment. The anterior 
surface is covered by the endothelium of the anterior chamber (page 250), and, furthermore, 
in the ciliary part it usually shows contraction folds, concentric to the pupil, the folds of the iris. 

The posterior surface of the iris is covered by retinal pigment up to the pupillary border, 
and possesses very fine, but distinct, radial folds which cannot be seen except through a lens. 
It lies only loosely upon the anterior surface of the lens, and moves upon it in dilation and con- 
traction of the pupil. 

In addition to the anterior endothelium and the posterior epithelium the iris consists of a 
matrix, the very vascular stroma, and of musculature. The latter consists of the sphincter pupille, 
which surrounds the pupillary border like a ring, and the dilator pupille, which lies on the posterior 
surface and should not be regarded as really belonging to the stroma of the iris, but to the posterior 
epithelial stratum. The greatest thickness of the iris is about o.4 mm., and its average width, 
from the ciliary to the pupillary border, is 3 mm.. 


THE RETINA. 

The retina (Figs. 728 to 730, 733 to 738, and 742), as a whole, consists of two layers adhering 
closely to one another and fused at the pupillary border of the iris. The external layer lies close 
to the vascular tunic and is entirely absent at the point where the optic nerve pierces the coats 
of the eye. It is pigmented throughout its entire extent and is known as the pigmented layer of 
the retina and since it covers all the projections of the vascular tunic, such as ciliary processes, etc., 
it may be divided into the pigmented stratum oj the retina, the pigmented layer of the ciliary body 
(see above), and the pigmented layer of the iris (see below). The internal layer, the true retina, 
is divided into two sharply separate portions, a posterior thicker main portion, which is the per- 
cipient portion, and is known as the otic portion, and an anterior nonpercipient portion, the ciliary 
portion.* The two parts pass into each other along a slightly serrated line, the ora serrata, which 
lies 3 to 4 mm. in front of the equator of the eyeball, at about the junction of the anterior and middle 
thirds of its surface. It extends much closer to the ciliary corona on the nasal than it does on 
the temporal side, or, in other words, the orbiculus ciliaris is perceptibly narrower on the nasal 
than it is on the temporal side, and furthermore, delicate prong-like processes of the ora serrata 
frequently occur on the nasal side, while on the temporal side it is merely wavy. 

The optic portion of the retina is a very soft, delicate membrane, which is perfectly trans- 
parent in the living condition, although it is not quite colorless.| In the cadaver it has a grayish- 
white appearance and is opaque. It gradually increases in thickness from the ora serrata 
(0.62 mm.) to the posterior surface of the eye, and reaches its greatest thickness in the neighborhood 


of the axis of the eye (o.2mm.). Here it presents a rather indistinctly outlined, yellowish (orange), 


diffuse coloration, the so-called yellow spot (macula lutea).{ In the center of the macula lutea 


* Also known as pars ceca retine. 
} The retina has a diffuse pigmentation, the visual purple, in its outer layers. 


fIt has recently been maintained that the yellow color of the macula lutea is a post-mortem phenomenon, but 
this supposition has been opposed, and with reason. 
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Fic. 737.—The background (ophthalmoscopic picture) of a moderately pigmented eye (from Haab-de 
Schweinitz, Atlas and Epitome of Ophthalmoscopy and Ophthalmoscopic Diagnosis). 
The retinal vessels show distinct reflex strie. The optic papilla exhibits a distinct scleral ring, but an obscure 
chorioidal ring. : 
Fic. 738.—The background (ophthalmoscopic picture) of a slightly pigmented eye (from Haab-de 
Schweinitz, Adlas and Epitome of Ophthalmoscopy and Ophthalmoscopic Diagnosis). 
The chorioidal vessels may be seen through the transparent tissues. The optic papilla exhibits distinct scleral 
and chorioidal rings. 


is an indentation, the central jovea, whose floor extends almost to the pigment layer, so that the 
latter shines through this portion of the retina much more strongly than it does in other places. 
To the nasal side of the macula lutea there is an almost circular, sometimes slightly raised, pure 
white, opaque spot in the optic portion of the retina, which is the point of entrance of the optic 
nerve and is known as the papilla of the optic nerve.* From this point the optic nerve, which 
has pierced the sclera and chorioid (pages 249 and 251), spreads out in such a way, that its fibers 
form the superficial layer of the retina. (For details as to the structure of the retina see the 
Sobotta-Huber Atlas and Epitome of Histology.) Since all other layers of the retina are absent 
at the optic nerve papilla, this region is also known as the blind spot. In the middle of the papilla 
there is usually an indentation, the so-called physiological excavation, or the excavation of the 
papilla of the optic nerve, and at this point the central vessels of the retina, coursing in the optic 
nerve (page 261) make their appearance, and from here are distributed in the superficial layers 
of the retina. The branches of the central artery of the retina (see page 261) are known as 
arterioles, the branches of the central vein as venules, and of each of these four main branches 
may be recognized, two temporal and two nasal, which are already formed before the vessels 
actually reach the papilla, that is to say, while they are yet within the optic nerve trunk. According 
to their course, they are known as the superior temporal, injerior temporal, superior nasal, and 
inferior nasal arterioles (venules) (Fig. 742) of the retina. Beside these four main vessels, 
usually three smaller ones are present: first, the superior and injerior macular arterioles (venules) 
passing to the region of the macula, and second, the usually very small medzal arterioles (venules), 
passing almost horizontally toward the nose. The final branches of the retinal vessels disappear 
toward the ora serrata, and all veins accompany the arterial branches as single stems. 

The ciliary portion of the retina, better known as the cecal portion, is divided into the 
true ciliary portion, which covers the inner surface of the ciliary body, and that part lying on 
the posterior surface of the iris, the so-called iris portion, which, at the pupillary border, passes 
over into the pigment epithelium. The two parts are distinguished from one another by the 
fact that the ciliary part (in a narrower sense) is unpigmented, while the iris part is pigmented. 
Since the whole ciliary portion of the retina consists of only a single layer of cubical epithelium, 
a sudden decrease in the thickness of the retina (to about 0.009 mm.) occurs at the ora serrata, 
although there has already been a decided thinning of the optic portion (0.02 mm.). In the 
region of the orbiculus ciliaris the pigment epithelium shows through the ciliary portion of the 
retina, which is not pigmented in this region, so that this part of the inner surface of the eyeball 
(especially. in the cadaver) seems much darker than the posterior part, which is covered by the 


* Since the nerve usually does not project beyond the level of the retina, the term disc would be preferable to papilla. 


Fig. 737. 


Fig. 738. 
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optic portion of the retina. At the pupillary border the iris portion of the retina becomes con- 
tinuous with the outer layer, so that the posterior surface of the iris is covered by two layers of 
pigmented epithelial cells (pigmented layer of the iris). 

In studying the interior of the living eye (opthalmoscopic picture) (Figs. 737 and 738) the posterior surface is seen 
to be decidedly red and differs in different individuals according to the amount of general pigmentation, being either 
of a lighter or a deeper red. The red color does not come from the retina, which is transparent, but from the vascular 
tunic, to whose vascularity it is due, and according as the pigment of the pigmented layer of the retina is sparse or abun- 
dant, the color of the choriocapillaris is more or less clearly seen. The pigment of the chorioid itself is often seen dis- 
tinctly in dark eyes, usually in the form of darker lines or spots which correspond to the intervals between the chorioidal 
vessels. In contrast to the general deep-red color of the posterior surface is the much lighter, rather pale grayish-red 
of the papilla of the optic nerve ; the nerve fibers, which in this situation are destitute of medullary sheaths,* are, there- 
fore, transparent, but the chorioid, being absent, does not serve as a substratum here, the whitish sclera (lamina cribrosa) 
and the medullated fibers of the optic nerve behind the lamina cribrosa forming the background, which is, therefore, 
white, especially the part behind the middle of the papilla, where there is a deep depression. The papilla is often 
surrounded by a narrow, dark ring, which corresponds to the borders of the chorioidal opening and is known as chorioidal 
ring. From the papilla the distribution of the retinal vessel in the retina may be seen, the arteries being narrower than 
the veins and having a broader reflection band in the middle. On the temporal side of the papilla the macula lutea 
and fovea centralis may be seen, the surface being usually more pigmented in their neighborhood. 


THE CONTENTS OF THE EYEBALL. 


The contents of the eyeball, enclosed by the three tunics, are transparent, partly liquid, 
partly solid media, the most important of which is the crystalline lens, lying in front of the equator 
of the eyeball, behind the iris. Between the posterior surface of the cornea and the anterior 
surface of the lens is a space filled by a watery liquid, the aqueous humor; this is the chamber of 
the eye and is divided by the iris, which projects into it, into an anterior and posterior chamber. 
The space between the posterior surface of the lens and the retina is occupied by a peculiar tissue, 
the vitreous body. 

The Anterior Chamber of the Eye.—The anterior chamber of the eye (Figs. 729 and 730) 
has the shape of a segment of a sphere. It lies between the posterior surface of the cornea and 
the anterior surface of the iris or, in the region of the pupil, the anterior surface of the lens. The 
acute angle of this chamber, which is formed by the pectinate ligament between iris and cornea, 
is known as the angle of the iris. Since the iris lies only loosely upon the anterior surface of the 
lens, the anterior chamber communicates directly with the posterior one. Over its whole extent 
it is covered by a very regularly arranged pavement-like layer of connective-tissue cells, the 
endothelium of the anterior chamber. 

The Posterior Chamber of the Eye.—The posterior chamber of the eye (Figs. 729 and 730) 
is much smaller than the anterior. It is a ring-shaped space, bounded anteriorly by the posterior 
surface of the iris, posteriorly by the anterior surface of the lens and the zonula ciliaris, and 
externally by the points of the ciliary processes and their connections with the zonula ciliaris. 
The transverse section of the space is triangular, the smallest angle facing the axis of the eye. 

The Crystalline Lens.—The lens (Figs. 729, 730, 735, 736, and 739 to 741) is a transparent 
biconvex body, which lies between the posterior surface of the iris and the anterior surface 
of the vitreous body, closing the pupil. It possesses a slightly curved anterior and a more 


* Sometimes the fibers of the optic nerve remain medullated even after their passage through the lamina cribrosa. 
Such fibers then appear close to the papilla as almost pure white bundles in the red fundus of the eye. 
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Fic. 739.—The lens as seen from in front. (Enlarged six times.) 
* — Lens star. 
Fic. 740.—The lens as seen from the equator. (Enlarged six times.) 
Fic. 741.—The lens equatorially bisected and the capsule partly stripped off. (Enlarged six times.) 


strongly curved posterior surface, which pass into each other at the equator of the lens, forming 
a convex border. The center of the anterior surface is known as the anterior pole, that of the 
posterior surface as the posterior pole, and the line connecting the two is the axis of the lens. Its 
length depends upon the condition of accommodation of the eye and fluctuates between 3.7 
and 4.4 mm.* 

The true substance of the lens is completely surrounded by a homogeneous, slightly adherent 
capsule, to which, in the region of the equator, the fibers of the ciliary zonule become attached, 
and, on the posterior surface of its thicker anterior part, there is a simple layer of cells, the 
epithelium of the lens. The substance of the lens, enclosed by the capsule, consists of a rather 
firm nucleus and a softer cortical substance, which merge into one another, however, and are 
both formed by lens jibers. ‘These pass from the anterior to the posterior surface and correspond 
to the curvature of the surface in such a way as to give rise to radiating seams on both surfaces, 
each of which consists of three main rays, radii of the lens, which form a Y-shaped figure,t whose 
branches often show divisions and forkings, so that irregular multirayed stars having six and 
nine rays may occur. ‘The limbs of the Y have a different position on the anterior and posterior 
surfaces, being inverted anteriorly and erect posteriorly. ‘The anterior surface of the lens, as 
already indicated, is in relation with the pupil and the anterior chamber of the eye, and, more 
peripherally, with the posterior surface of the iris. The fibers of the zonula ciliaris are inserted 
in the region of the equator: which is in direct relation with the ciliary zonule, but is about 1 mm. 
distant from the points of the ciliary processes. The posterior surface of the lens lies in a depres- 
sion of the vitreous body, the hyaloid jossa. ‘The lens is, developmentally, a purely epithelial 
structure, and possesses neither nerves nor blood-vessels, sharing this peculiarity with only a few 
tissues of the human body (enamel of the teeth). 

The Vitreous Body and the Zonula Ciliaris.—According to their development the vitreous 
body and the zonule are closely related, the latter being merely a special formation of the vitreous 
body. Together they completely fill the principal cavity of the eyeball, lying behind the lens 
and the ciliary body. 

The vitreous body (Fig. 730) is a sphere whose anterior surface is slightly flattened and presents 
a depression, the /yaloid fossa, for the reception of the posterior surface of the lens. © It consists 
of a watery liquid, the vitreous humor, distributed in the meshes of a delicate network, the vitreous 
stroma, this latter thickening over the whole surface of the vitreous body to form a firm, yaloid 
membrane, which lies upon the inner surface of the retina and is loosely connected with it. 

The distribution of the vitreous humor in the stroma gives a gelatinous consistency to the 

* In focussing the lens for distance the length of the axis is 3.7 mm. and the radius of the anterior surface 6 mm.; 
in focussing for a near object the lens thickens, the length of the axis is 4.4 mm., the radius of the anterior surface 5.2 mm., 
and of the posterior surface 5 mm. ‘Thus in the latter focus it is the curvature of the anterior surface which varies most. 


1 This figure becomes very evident when the lens is subjected to a certain amount of maceration and when the 
cement substance between the fibers begins to dissolve. Then the rays become fissures. 
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entire body. While in its fully developed condition the vitreous body is devoid of vascular 


. supply, it does contain blood-vessels in the embryo, especially a small artery passing from the 


region of the papilla of the optic nerve to the posterior surface of the lens, the hyaloid artery, 
which is a prolongation of the central artery of the retina (see page’261). It lies in the hyaloid 
canal, which, even after the obliteration of the artery, is still recognizable. 

The ciliary zonule (zonule of Zinn) (Figs. 730, 733, 735, and 736) is the ring-shaped, delicate 
and transparent suspensory apparatus of the lens. It is closely connected with the hyaloid 
membrane and consists of meridional zonular fibers, which are very fine, but strong, and have 
their origin from the whole width of the orbiculus ciliaris, being closely connected with the cells 
of the ciliary part of the retina. At the posterior ends of the ciliary processes the fibers of the 
zonula collect into close bundles which course toward the lens through the furrows between 
the ciliary processes, being strengthened by a few fibers coming from the lateral border of the 
ciliary processes and folds, and after decussating with one another are inserted into the capsule 
of the lens in the region of the equator. The attachment of the zonula fibers is not limited to 
the actual equator of the lens, but extends also upon the neighboring portions of the posterior 
and especially the anterior surface, the fibers, as they diverge toward their insertion, leaving rela- 
tively wide spaces between them, called zonular spaces, which contain aqueous humor, since 
they are in communication with the posterior chamber. 


THE BLOOD-VESSELS AND NERVES OF THE EYEBALL, 


In addition to the optic nerve and the central retinal vessel enclosed within it (page 261), 
a number of vessels and nerves pass to the eyeball and ramify in its coats and especially in the 
vascular coat. Since the retina (optic portion) has its own vessels entering with the optic nerve, 
and the cornea is entirely devoid of vessels, while the sclera is but poorly provided with them, 
the distribution of the blood-vessels of the eyeball is almost limited to the tunica vasculosa, whence 
its name. ; 


THE BLOOD-VESSELS OF THE EYEBALL, 


The nutritive arteries of the eyeball are known as the ciliary arteries (Figs. 743 and 744) 
and arise from the ophthalmic artery (page 31), partly directly as the posterior ciliary arteries, 
partly indirectly from its muscular branches as the anterior ciliary arteries. The posterior 
ciliary arteries are much the stronger and, lying close and almost parallel to the optic nerve, 
they pass through the capsule of Tenon (see page 265) and divide into (1) branches, which after 
a short course pierce the sclera in the posterior part of the eyeball and at once ramify in the 
chorioid (the short posterior ciliary arteries, fifteen and twenty in number), and (2) into two 
long posterior ciliary arteries, which also pierce the sclera in the vicinity of the entrance of the 
optic nerve, but then pass to the ciliary body along the horizontal meridian of the bulb, one on 
the nasal and the other on the temporal side, in the outer layer of the chorioid. 

The short posterior ciliary arteries are the arteries for the chorioid proper, while the long 
ciliary arteries, together with the anterior ciliaries, supply the ciliary body and the iris. Their 
capillary distribution also differs in that the short, posterior ciliary arteries form the choriocap- 
illaris (page 251), which is in close contact with the retina and is largely responsible for its nutrition, 
but is absent in the anterior part of the bulb. 


11I—17 
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THE NERVES OF THE EYEBALL. 

The nerves passing to the eye are, in addition to the optic (see page 261), the Jong and short 
ciliary nerves (see pages 197 and 198). They are partly motor, partly sensory, and partly vaso- 
motor, and arise from the oculomotor, trigeminal (the nasociliary branch of the ophthalmic nerve) 
and sympathetic nerves. They penetrate the sclera with the posterior ciliary arteries in a circle 
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Fic. 744.—The blood-vessels of the eye-ball (diagrammatic). 


around the optic nerve (Fig. 731), course with the long posterior ciliary arteries on the external 


body, where they form on the ciliary muscle the ciliary ganglionic plexus, rich in ganglion cells 
(sympathetic). From this, fibers pass to the ciliary muscle, the iris, and the cornea. The motor 
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fibers for the sphincter pupille arise from the oculomotor, while those of the dilator are from 
the sympathetic nerve. 

The Optic Nerve.—The optic nerve (Figs. 729, 730, and 745 to 747) arises from the optic 
chiasma (see page 154); in all its relations it is, like the retina, a projecting part of the brain, as 
can be seen from its development (see below). Among other things, the meninges, the dura, 
as well as the pia, are continued upon it and accompany it to the eyeball. 

While the nerve is slightly flattened in its short course within the cranium, from the optic 
foramen to its entrance into the eyeball it has an almost perfect cylindrical shape, its diameter 
being about 4 mm. In passing through the optic foramen it courses above and medial to the 
ophthalmic artery (see page 263), and is surrounded by the origins of the recti muscles of the 
eyeball and their tendinous annulus (see page 31). Then, imbedded in the fatty tissue of the 
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Fic. 745.—A cross-section of the optic nerve. 


orbit, it passes in the axis of the muscle pyramid to the medial (nasal) portion of the posterior 
part of the eyeball, its course in the orbital cavity not being quite straight, but describing a slight 
S-shaped curve in the horizontal plane, first bending laterally, then back again into the axis of 
the muscle cone, and finally making a very short lateral bend just before entering the eyeball. 
Nor does it pass from the optic foramen to the eyeball in the horizontal plane, but is inclined 
somewhat upward, since its point of entrance into the eyeball is on a slightly higher level than 
the optic foramen. At a distance of 10 to 12 mm. from the eyeball* the central vessels of the 
retina enter the optic nerve and pass in the center of the nerve trunk, surrounded by connective 
tissue, to the papilla, where they form the blood-vessels of the retina (page 254). The entrance 
of the vessels is in the lower and lateral part of the nerve trunk. Then the nerve passes through 
the relatively wide opening in the posterior portion of the capsule of Tenon (see page 266), and, 
on entering the sclerotic lamina cribrosa (page 249), its fibers lose their medullary sheaths, so 


* The length of the portion of the optic nerve lying in the orbit is about 23.5 mm. 
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Fic. 746.—A horizontal section of both orbits. 
The section has been carried somewhat obliquely posteriorly, in order to show the entire length of both optic nerves. 
Fic. 747.—The two eyeballs, with their optic nerves, from a child. 
The orbits have been freely opened from above and their entire contents removed with the exception of the eyeballs 
and the optic nerves. 
Fic. 748.—The ocular muscles seen from the outer side. 
The outer wall of the orbit and the other orbital contents, including the fascia and the eye-lids, have been removed. 
The greater portion of the levator palpebre superioris has been retained. 
Fic. 749.—The ocular muscles seen from the outer side. 
Dissection as in Fig. 748. In addition, the rectus lateralis and the optic nerve have been divided and the eye-ball 
has been rotated so that its posterior pole, with the stump of the optic nerve, is directed outward. The greater portion 
of the levator palpebree superioris has been removed. 


that the nerve becomes decidedly thinner, its terminal portion, ending in the papilla of the optic 
nerve, having a somewhat tapering appearance. ‘The nerve then pierces the chorioid and passes 
directly over into the retina (see page 253). 

The coats of the optic nerve are, as already stated, the direct continuations of the meninges 
and are called the sheaths of the optic nerve. Within the cranium the nerve is surrounded only 
by the pia mater, the so-called pial sheath, but at the optic foramen the encephalic dura mater 
(see page 188) is prolonged as the dural sheath over the whole length of the optic nerve and becomes 
attached to the sclera, while between the pial and dural sheaths the encephalic arachnoid extends 
along the nerve, forming the arachnoideal sheath. ‘The intervaginal spaces lying between the 
nerve sheaths correspond to the spaces between the meninges and are in direct communication 
with them, and, in addition, a lymph space, the supravaginal space, surrounds both the optic 
nerve and its sheaths. The fibers of the optic nerve undergo an incomplete decussation in the 
optic chiasma (see page 154), the fibers arising from the temporal side of the retina, remaining 
uncrossed. The bundle of fibers which comes from the region between the papilla of the nerve 
and the macula lutea has a definite location in the nerve; it is known as papillomacular bundle 
and lies on the temporal side of the nerve near the eyeball, but in the center of the nerve in its 
extra-orbital portion. 

THE DEVELOPMENT OF THE EYEBALL. 

As regards the development of the eyeball, its first indication is the so-called primary ophthalmic vesicle. This 
is a vesicular projection of the (primary) anterior brain vesicle, and in the further course of development it becomes 
stalked and approaches to the outer surface of the head. From the stalk, which connects the vesicle with the cerebrum, 
the optic nerve develops; from the vesicle itself, the internal coat of the eye. In the further development, the previously 
almost spherical vesicle becomes invaginated on its outer surface, so that there is formed a double-walled cup, the 
so-called secondary ophthalmic vesicle or the ophthalmic calyculus. ‘The inner lamina of the cup is separated from the 
outer one only by a cleft, and the former thickens during further development to form the optic portion of the retina, 
while its anterior part forms the ciliary portion. From the outer lamina the pigment epithelium is formed. Both layers 
pass into one another at the opening of the calyx as they do all through life at the pupillar border of the iris. The ophthal- 
mic calyculus has a slit on its inferior surface, the foetal ocular fissure, through which the neighboring blood-vessels enter 
the cup and traverse the vitreous body, which develops later. 

Of the other parts of the eyeball the lens also is developed from the outer germinal layer as a thickening of the 
embryonic epidermis. It becomes constricted off from the parent layer and comes to lie in the opening of the calyculus, 
where its cells are transformed into lens fibers and produce (as a cuticular formation) the homogeneous capsule. The 


first traces of the vitreous body and the ciliary zonule are formed from the retina, the fibers of both being processes from 
the retinal cells, but later, blood-vessels growing through the foetal ocular fissure into the interior of the eye, form the 
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The superior rectus (Figs. 748 to 756, and 758 to 762) is the weakest and thinnest of all the 
eye muscles; it passes with the levator palpebre superioris, largely covered by it and partly in 
close contact with it, over the surface of the optic nerve and the upper quadrant of the bulb, to 
its insertion just in front of the equator. The lateral part of its tendon is separated from the 
corneal border by a greater distance than the medial part, which reaches almost to the cornea. 


The function of this muscle is to move the anterior part of the eyeball, that is to say, the cornea and pupil, up 
and at the same time a little temporalwards. It is innervated by the superior branch of the oculomotor nerve. 


The medial rectus (Figs. 749 to 751, 753 to 760, and 762) is the strongest of all the eye muscles, 
but as regards its length, it is shorter than the superior rectus and has a very short tendon, the 
shortest of all; its tendon is inserted nearest to the border of the cornea, along a line almost 


exactly parallel with the equator, the muscle lying 
|) | i ) almost in a sagittal plane. 
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It turns the eyeball medially and is innervated by the in- 
ferior branch of the oculomotor. 

The Jateral rectus (Figs. 748 to 760, and 762) 
does not lie exactly sagittally, as does the medial, 
but deviates a little from the sagittal plane. Al- 
though its insertion is further away from the 
periphery of the cornea than that of the medial, it 
must necessarily be longer than it (because the 
orbital axes converge posteriorly); however, its 
greater length is due entirely to the length of the 

i slightly narrower tendon, the muscle substance 
in itself being even a little shorter. The insertion of 

Fic. 751.—The plan of the insertions of the the tendon is in a line parallel with the equator 
recti into the right eyeball. The measurements of and js a little further from the border of the 
he tendons andthe distances rom the coed! cornea than that of the medial. Like the pre 
Kallius (Graefe-Saemisch’s Handbuch). The mus- ceding muscles, the lateral rectus arises mainly 
cles have been shaded. ri=Rectus inferior, y/= from the common tendinous annulus, but it also 
rectus lateralis, xm—=rectus medialis, rs=rectus has a smaller tendinous origin (lacertus oj the lak 
a att eral rectus) from the border of the superior orbital 
fissure (spine for the lateral rectus muscle, see Vol. I., page 50). 


= 


l 


—— 


The muscle turns the eye laterally and is innervated by the abducens nerve. 


The injerior rectus (Figs. 748 to 755, and 758 to 76r) lies on the inferior surface of the eyeball, 
not exactly opposite to the superior rectus, but just as the latter deviates temporally, so does 
the inferior deviates nasally. The same holds true for the moderately long, rather narrow tendon, 
whose insertion is oblique, like that of the superior rectus, only in the opposite direction (the 
lateral portion of the tendon being more posteriorly), and approaches a little nearer the border 
of the cornea. The muscle is the shortest of all the recti; nevertheless it is stronger than the 
superior rectus. 
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The ee turns the anterior half of the eyeball downward and slightly nasally, and is innervated by the inferior 
branch of the oculomotor. 

The distance of the (middle point of the) recti tendons from the border of the cornea is, on 
the average, 7.7 mm. for the superior, 5.5 mm. for the medial, 6.9 mm. for the lateral, and 6.5 mm. 
for the inferior rectus.* 

The superior oblique (Figs. 749 to 756, 758 to 760, 762, and 763) arises, together with the 
recti, from the optic foramen (medial border) and from the dural sheath of the optic nerve, and 
courses forward as a slightly flattened muscle in the upper half of the nasal side of the orbit, and 
in the interval between the superior and medial rectus, lying close to the periorbita and separated 
from the eyeball by the adipose tissue of the orbit. The muscle, therefore, is not directed at first 
toward the eyeball, but behind the trochlear depression or spine of the frontal bone (Vol. L., 
page 61) it passes over into a cylindrical tendon, which winds through a fibrous or fibrocarti- 
laginous pulley, the trochlea of the superior oblique, attached to the frontal bone in this region, 
from which it is separated by a small mucous bursa, the irochlear bursa. From the trochlea the 
tendon passes obliquely backward and laterally, gradually broadening and thinning as it 
approaches the bulb; it crosses the superior rectus (passing below it), and, greatly widened, is in- 
serted behind the equator of the bulb, a good centimeter behind the superior rectus, along an 
oblique line, which lies largely on the temporal side, almost parallel to the axis of the optic nerve. 

The pull of the superior oblique is quite different from the course of the muscle, corresponding more to the course 
of its tendon. It turns the posterior half of the eye upward and nasally (the pupil downward and laterally). It is 
innervated by the trochlear nerve. 

The injerior oblique (Figs. 745 to 755, 758 to 763, and 765) is the only one of the six muscles 
which arises from the. anterior part of the orbital cavity, from the superior maxilla, in the poste- 
rior region of the infra-orbital margin below the fossa for the lachrymal sac; it is narrow and has 
a short tendon of origin. It courses obliquely below the lower half of the eyeball, broadening 
out a little as it goes, crosses the inferior rectus, lying between it and the lateral rectus, and passes 
to the temporal side of the posterior hemisphere of the eyeball, where it is inserted opposite to 
the tendon of the superior rectus, but with a narrower and much shorter tendon, along an oblique 
line, which makes an acute angle with the axis of the eye. It is by far the shortest of all the 
eye muscles; its tendon is usually rather short. 


The muscle moves the posterior hemisphere of the eyeball downward and medially and at the same time a little 
forward (the pupil upward and laterally), and with the superior oblique it turns the bulb principally about a sagittal 
axis. It is supplied by the inferior branch of the oculomotor. 

The eye muscles are enclosed by muscle fascize for the greatest portion of their length, those 
associated with the recti and the superior oblique becoming much thinner posteriorly, while 
the stronger anterior portions are a direct continuation of the capsule of Tenon (see below). 
Only the superior oblique has an evenly thick sheath throughout its length. Processes pass out 
from the muscle fascie, especially from that of the levator palpebree superioris (see below), and 
attach themselves to the bony wall of the anterior part of the orbital cavity and to the trochlea. 
On the attachment of the fascial slips to the lateral part of the orbital opening is the superior 
lachrymal gland. 


* The statistics given by different observers vary considerably, and undoubtedly there are considerable individual 
variations. 
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Fic. 752.—The ocular muscles as seen from in front and from the outer side. 

The skin, eyelids, and fascia have been removed. In addition to the eyeball and the muscles only the upper lachry- 

mal gland and a portion of the orbital fat have been retained. 

Fic. 753.—The eyeball with the stumps of the ocular muscles as seen from in front. 

Fic. 754.—The eyeball with the stumps of the ocular muscles as seen from below and from behind. 

Fic. 755.—The eyeball with the stumps of the ocular muscles as seen from above and from behind. 
Figs. 752 to 755 are about one-third larger than the natural size. 

Fic. 756.—The muscles of the orbit seen from above. 

The superficial layer is shown upon the left side, only the roof of the orbit and the peri-orbital fascia having been 
removed. The deep layer is shown upon the right side; the greater portion of the levator palpebre superioris has been 
removed, together with the orbital fat. 

Fic. 757.—A horizontal section of both orbits. 
* — iris. 
Fic. 758.—A frontal section of the right orbit in the region of the posterior third of the eyeball. Seen 
from in front and enlarged about one-third. ; 
Fic. 759.—A frontal section of the right orbit behind the eyeball. Seen from in front and enlarged 
about one-third. 
Fic. 760.—The origins of the muscles of the right orbit at the optic foramen. (Enlarged about ~ 
one-third.) 

The orbital cavity has been sawn in the frontal plane and the posterior section is viewed from in front. The optic 
nerve is divided close to the optic foramen; the stumps of the muscles situated about the optic nerve have been retained 
in different lengths. Only the lower branch of the oculomotor nerve has been left 77 situ. 

Fic. 761.—A sagittal section of the orbit with the eyeball, somewhat diagrammatic in reference to Tenon’s 
capsule (according to H. Virchow). (Enlarged about one-third.) 

* — Site of the firm connection of the capsule with the muscle. 


The Capsule of Tenon.—The capsule of Tenon or fascia bulli (Fig 758, 761, and 762) is 
a holiow, spherical structure composed of connective tissue, in which the posterior hemisphere 
of the bulb is located and moves, and by which the eyeball is separated from the adipose body of 
the orbit. The anterior thickened end of the fascia ends at the conjunctival fornix. The capsule 
is penetrated (1) by the optic nerve, and (2) by the tendons of the six eye muscles. The optic 
nerve, together with the nerves and vessels which accompany it (the ciliary arteries and nerves), 
perforates the posterior thin part of the capsule through an irregularly round hole; * the muscle 
tendons} pierce the capsule through ‘slit-like openings which have a very oblique direction. 
From the perforating tendons the fascia bulbi extends backward as a strong fascia upon the 
adjacent parts of the muscles and becomes continuous with the fascia of the muscle a short dis- 
tance behind the slit in the capsule. 

The capsule of Tenon does not rest directly on the eyeball, but is separated from it, throughout 
its whole extent, by a narrow space filled with areolar connective-tissue and known as Tenon’s 
space or the interjascial space. Anteriorly, this space extends to the conjunctiva of the bulb, but 
whether it goes over into the supravaginal space (see above) posteriorly, has not been determined. 

The Remaining Musculature and the Fascia of the Orbit.—Beside the six muscles moy- 
ing the eyeball, there is still another voluntary muscle in the orbit, the levator palpebre superioris. 


* According to another view the posterior end of the capsule, much diminished in thickness, becomes directly con- 
tinuous with the optic nerve sheath. 

+ The slits for the recti are equatorial, and because of their oblique penetration of the capsule, allow only one sharp 
(inner) lip to be recognized; the slits for the two obliques are meridional. 
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It is long, narrow behind and wide in front, and almost completely covers the superior rectus 
upon which it lies in the posterior part of the orbit, only the lateral border of this muscle remaining 
uncovered. It arises, ‘together with the superior rectus, by means of a short, narrow tendon, 
from the common tendinous annulus, and throughout the greatest portion of its length consists of 
striated muscle fibers. Its tendon, however, contains some smooth muscle fibers, and before its 
insertion divides in such a way that the posterior part is inserted into the superior border of the 
tarsus of the upper lid (page 271), while the anterior part is inserted along the whole anterior 
surface of the tarsus and between it and the palpebral muscle (see page 272). 

The muscle raises the upper lid and is supplied by the superior branch of the oculomotor nerve. 

Smooth muscle fibers which occur in the periosteum of the orbit form what is called the 
orbital muscle. These fibers occur in variable amounts at different parts of the orbit, and form 
a strong layer of muscle, which serves to close the orbital fissures (superior and inferior). 

The periorbita (Figs. 748, 749, and 758 to 760) is the periosteal layer of the orbit, which is 
continuous with the periosteal layer of the encephalic dura mater at the optic foramen and supe- 
rior orbital fissure, and with the periosteum of the bones of the face at the inferior orbital fissure. 
The superior orbital fissure is closed by a thickening of the periorbita, except for the opening 
traversed by the vessels and nerves. 

The orbital septum is a fascia-like structure fastened to the aperture of the orbit and pierced 
in the middle like a diaphragm. It covers the posterior surface of the eyelids and separates 
them from the true contents of the orbit. This septum is largely formed by the posterior fascia of 
the orbicularis oculi muscle (see Vol. I., page 179), and, since it extends into the base of the lids, 
it really belongs to them. The nerves and vessels emerging from the orbital aperture (frontal, 
supra-orbital, supratrochlear, infratrochlear, and lachrymal nerves, frontal and supra-orbital 
arteries and nasofrontal vein) pierce the orbital septum, which is connected with the medial 
palpebral ligament or the lateral palpebral raphé (see below) in the medial or lateral angle of the 
eye, respectively, and. at the same time it closes off the adipose body of the orbit anteriorly, and 
by it is given an anterior convexity. 


THE LACHRYMAL APPARATUS. 


To the lachrymal apparatus (Figs. 763 to 768, and 771) belong first, the secretory organs 
or lachrymal glands; second, the lachrymal lake (lacus lacrimalis), which is formed by the con- 
junctiva and collects the tears or lacrime flowing over the anterior surface of the cornea and 
through the conjunctival sac at the medial angle of the eye; third, the lachrymal ducts, which 
take up the tears from the lake and conduct them to the /achrymal sac, whence they pass through 
the nasolachrymal duct into the nasal cavity. 

There may be distinguished a larger superior and a smaller inferior, and, also, accessory 
lachrymal glands. The superior lachrymal gland (Figs. 758, 763, and 771) lies in the lachrymal 
depression of the frontal bone (see Vol. I., page 61), that is to say, in the lateral corner of the supe- 
rior wall of the orbit, just below the periorbita, and represents a rather well-defined, flattened, oval 
gland, whose long axis lies parallel to the border of the orbital cavity. The surface of the gland 
facing the bone is decidedly convex, that facing the eyeball is concave. The gland is of a gray- 
ish-red color, rather soft as to its consistency, and has a distinctly lobular structure. The majority 
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Fic. 762.—The capsule of Tenon, or fascia of the bulb of the right eye with its openings, as seen after 
the removal of the eyeball. 

Both eyelids have been divided to their bases by a sagittal incision and reflected. * = Inner lip of the muscle-slit. 
Fic. 763.—The two tarsal plates of the right eye, the palpebral ligaments, and the lachrymal sac. 

The skin and musculature of the lids have been removed and the tendon of the levator palpebre superioris divided. 
Fic. 764.—The lachrymal sac and the lachrymal ducts as seen from in front. 

The skin and musculature have been divided, and partly removed and partly reflected. The medial palpebral 
ligament has been divided. 
Fic. 765.—The lachrymal ducts, the lachrymal sac, and the nasolachrymal duct exposed from in front. 

Dissection as in Fig. 764, with a piece of the maxilla chiseled away. 


of the lobules, however, are rather intimately connected, but, in the posterior part, the orbital fat 
penetrates deeply into the spaces between the lobules, which are consequently partly isolated 
in this region. 

The inferior lachrymal gland (Fig. 771) is only about one-third the size of the superior and 
lies below it, close to the conjunctival fornix, in the immediate vicinity of the lateral angle of the 
eye. In contrast to the superior gland it consists of only loosely connected and often almost 
completely isolated lobules, about twenty to thirty in number. It is separated from the superior 
gland by a layer of fascia (see above), but, as a rule, has outlets in common with it, the excretory 
ducts of the lachrymal glands, the very fine and narrow ducts of the superior gland receiving the 
majority of those of the inferior one, although some lobules of the latter also open separately into 
the lateral portion of the conjunctival fornix. The ducts of the two glands are about ten to fifteen 
in number. In addition to the main glands there are also accessory lachrymal glands, occurring 
in the conjunctiva and in the eyelids themselves (page 273). 

The lachrymal ducts (canals) (Figs. 764 and 765) are very narrow, curved canaliculi, which 
begin at the margins of the upper and lower lids near the medial commissure of the two, between 
this and the medial extremity of the tarsal cartilage (page 271), as small, almost circular openings, 
the lachrymal puncta. ‘There is a superior and an inferior punctum, and they lie upon small, low 
projections of the margin of the lid, the lachrymal papille (superior and inferior). They look 
posteriorly and toward the lachrymal lake (page 272), of which they form the lateral boundary, 
and when the lids are closed they project into the lake and thus allow the lachrymal puncta to 
absorb the lachrymal fluid. 

The lachrymal ducts themselves are narrow and very thin-walled canaliculi which run in 
the medial portion of the eyelids, parallel to the periphery of the lachrymal lake. At their com- 
mencement on the lachrymal puncta they are at first vertical and then turn so as to run in an 
almost transverse direction, and, just before this bend, each usually possesses a slight dilatation, 
the ampulla of the lachrymal duct. The transverse part of each canal then passes toward the 
lachrymal sac, into whose lateral wall both ducts open below the fornix (see below), usually close 
together and more rarely with a common terminal portion. The orifice of each duct is behind 
the medial (internal), palpebral ligament (see page 272, and Vol. I., page 179). The lachrymal 
ducts have no musculature of their own, but are surrounded by fibers of the orbicularis oculi 
(palpebral portion) (Vol. I., page 179). They lie very close beneath the thin integument of the 
eyelids, which covers them. 
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The lachrymal sac (Figs. 763 to 765) is the upper, moderately enlarged, blind end of the 
nasolachrymal duct. It lies in a fossa behind the medial border of the orbit (see Vol. I., page 75), 
and in shape and size corresponds to the fossa. Its upper, slightly tapering, blind end is called 
jornix of the lachrymal sac, and at about 1.5 to 2 mm. below its apex the two ducts (see above) 
open upon a small projection of the lateral wall. The medial (internal) palpebral ligament 
spreads out over the lachrymal sac, which is also surrounded by the fibers of the lachrymal portion 
of the orbicularis oculi (Horner’s muscle) (see Vol. I., page 179). 

Below, the lachrymal sac is continued into the nasolachrymal duct (Figs. 764, 765, and Vol. IL., 
Fig. 424) without a sharp line of demarcation. This duct, as regards its position, length, and 
boundaries, corresponds exactly to the bony canal in which it lies (see Vol. I., pages 64, 67, and 
75). Like this, it opens into the anterior part of the inferior nasal meatus, usually in such a way 
that the duct penetrates the nasal mucous membrane obliquely for a short distance, thus forming 
a valvular fold, known as Jachrymal fold (Hasner’s fold). The cleft-like opening of the duct is 
usually in the horizontal plane, but varies considerably in shape, width, and position. 

The lachrymal sac and nasolachrymal duct are lined by a mucous membrane which is not 
especially folded, but contains glands in the region of the lachrymalsac. The lumen of the latter, 
when empty, is compressed. 

As regards the size of the separate portions of the lachrymal apparatus, the superior gland 
measures 20 mm. in its longest diameter, is ro to 12 mm. in width, and 5 mm. thick. The 
lachrymal punctum of the lower lid has a slightly larger diameter (0.3 mm.) than that of the upper 
lid (0.2 to 0.25 mm. ), and the superior lachrymal duct is a little narrower (but longer) than the 
inferior, the length of each being about 1 cm. ‘The narrowest point of the ducts is at the lachrymal 
punctum; their average diameter is 0.6 mm.; that of the ampulle almost 1 mm. The lachrymal 
sac is about 12 mm. in length, with an average diameter of about 5 mm. ‘The nasolachrymal 
duct has a diameter of about 4 mm. (in the sagittal direction, a little less transversely) and an 
average length of 15 mim. 

The blood-vessels of the lachrymal gland come from the lachrymal artery and partly also from the anterior deep 


temporal artery (see page 28). The lymph-vessels are identical with those of the conjunctiva. The nerves are supplied 
by the lachrymal nerve. 


THE EYELIDS OR PALPEBRAE, 


Both eyelids (Figs. 761 to 763, and 766 to 771), the broader, upper one, and the narrower, 
lower one, are cutaneous folds stretched across the external opening of the orbit and conforming 
to the form of the anterior (corneal) segment of the eyeball lying behind them, so as to present 
a distinctly concave posterior and a convex anterior surface. 

By their free borders the eyelids bound an almost horizontal opening, the palpebral rima, 
meeting at its medial and lateral ends to form the medial and lateral palpebral commissures. By 
the commissures are formed the two angles of the eye, the pointed, arch-like, more exposed lateral 
angle, and the broader, rounder, more deeply seated medial angle, with the lachrymal lake. The 
upper lid bounds the palpebral fissure (rima palpebralis) with a distinctly convex border, while 
the lower one has an almost straight, slightly concave border, and the attached borders of both 
lids pass over into the adjacent skin, musculature, etc., without any sharp line of demarcation. 
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Fic. 766.—The right eye, open. 

Fic. 767.—The right eye, closed. 

Fic. 768.—The right eye widely opened by drawing the lids apart. The eyeball looks toward the 
temporal side. 


In the upper lid the upper border is indicated by a number of strong hairs, the eyebrows or 
supercilia, which are arranged in the shape of an arch, convex upward. 

The breadth of the two lids is quite different; that of the upper one is 22 to 25 mm., that of 
the lower only 11 to 13 mm. The thickness of the two, however, is about the same; in the neigh- 
borhood of the free border it is about 3 mm., at the base about double that amount. 

When the eye is closed, the longer upper lid covers a much larger portion of the anterior 
surface of the eyeball than does the lower lid, and it also makes a wider excursion in opening 
the lids. Jn the open eye a horizontal through the medial angle of the lids cuts the lower lid 
below the lateral angle; in the closed eye it passes above this angle; therefore, in the closed eye 
the whole lower lid and also the lower part of the upper lid, and consequently also the whole 
length of the palpebral fissure, lies below the horizontal. In the closed eye the free border of the 
upper lid reaches to the inferior border of the cornea, and between its concave posterior surface 
and the anterior surface of the cornea there is a narrow, merely capillary space, called the lach- 
rymal rivus. 

The convex anterior surface of each lid possesses a very fine and thin external skin which 
shows all the peculiarities of such skin, possessing especially lanugo hairs (of extremely small 
size, however) and integumentary glands. The dermis of the lids, however, is devoid of fat; 
only in the base of the lid, which is called the orbital portion in contrast to the thinner lower 
or palpebral portion, a small amount of adipose tissue makes its appearance. ‘The integument 
of the lids, even when the palpebral rima is closed, possesses transverse folds, and when the lids 
are open a stronger transverse fold occurs at the base of each, the orbitopalpebral sulcus. ‘The 
concave posterior surface of the lids is covered by the palpebral conjunctiva, which is firmly 
united with the lid, and at the free border of each lid the conjunctival and epidermal surfaces 
blend. The free border is rather a narrow surface, and is continuous by a usually blunted 
anterior border, the anterior palpebral limbus, and a usually sharp posterior border or posterior 
palpebral limbus into the anterior and posterior surfaces respectively of the lids. ‘The anterior 
palpebral limbus bears strong hairs called eyelashes or cilia, which are inserted in an oblique 
direction, and thus stand with their roots pointing backward and upward, or downward 
in the lower lid, through the epidermis cn dermis of the lid into the musculature (see 
below). They stand close together, arranged in two or three rows, and in the upper lid, where 
they are stronger and longer, they are more numerous (one hundred and forty to one hundred 
and fifty) than in the lower lid (fifty to seventy-five). When the lids are closed the cilia touch 
one another in such a way as to be partly interlocked. Between them open, in addition to the 
sebaceous glands which they possess, some modified sudoriparous glands, the ciliary glands. 

The free borders of the lids are not quite horizontal to the surface of the lid, but are slightly 
beveled, so that the anterior limbus of the upper lid projects a little further downward than the 
posterior, and the reverse is true of the lower lid. The consequence is that the borders of the 
lids fit upon one another when the lids are closed. 
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Fic. 770.—The anterior aspect of the orbital septum of the right eye. 
Fic. 771.—The eyelids and the lachrymal glands as seen from behind. 


* = Fatty tissue. 


connected with the neighboring connective tissue. Along the whole length of the upper border 
and the anterior surface of the superior tarsus the tendon of the levator palpebre superioris is 
inserted. 

Between the tarsal plate and palpebral conjunctiva of both eyelids, and extending throughout 
their entire width, are peculiarly modified sebaceous glands known as the Meibomian or éarsal 
glands. ‘They consist of a central duct, completely surrounded by vesicular glandular alveoli, 
and lie in a single layer, parallel to one another, in the substance of the tarsus itself, their excretory 
ducts opening at short intervals from one another.on the posterior palpebral limbus. The 
number of glands in the upper lid is thirty to forty, in the lower only twenty to thirty, and since 
they always extend the entire height of the tarsus they are, therefore, longer in the upper than in 
the lower lid, and longest in the middle part of the upper lid. Since they produce a sebaceous 
secretion known as palpebral sebum, they appear on the conjunctival surface of the lid as 
yellowish-white structures, even in the living. The length of the tarsal plate is less than that of 
the lid, since the plate reaches neither to the lateral nor the medial palpebral commissure, that 
part of each lid which bounds the lacus lacrimalis being entirely destitute of tarsal tissue, so 
that neither the lachrymal puncta nor canals (page 268) are associated with the tarsus. 

At the angles of the lids the tarsi, as well as the musculature of the lids, are connected with 
the medial palpebral ligament and the lateral palpebral raphé. The former represents a tendinous 
arch which arises from the frontal process of the maxilla and extends by an anterior, narrower 
limb, which is visible through the skin, transversely over the anterior surface of the lacus lacri- 
malis, while a broader posterior limb makes a curve around the lacus lacrimalis to the posterior 
lachrymal crest of the lachrymal bone. The medial palpebral ligament is interwoven with the 
orbital septum (see page 267) and serves as a place of attachment for the medial ends of both 
tarsi and also for the fixation of the medial angle of the lids, and gives origin to the fibers of 
the palpebral portion of the orbicularis oculi. The lateral palpebral raphe is not really a tendon, 
but a tendinous band interwoven with the musculature of the orbicularis oculi and the orbital 
septum, and having attached to it the lateral ends of the tarsi. 

The musculature of the eyelid (Fig. 769) consists of the palpebral portion of the orbicularis 
oculi. Its fibers surround the palpebral fissure in an arch-like manner and lie between the outer 
skin of the lid and the anterior surface of the tarsus. The bundles lying nearest the free border 
of the lid are separated from the main part of the muscle by the roots of the eyelashes (see above) 
and are known as the ciliary muscle (of Riolan). Separate groups of fibers also surround the 
ducts of the tarsal glands. In addition to the striated musculature there are also smooth muscle 
fibers at the base of the eyelids, which are inserted by elastic tendons into the upper or lower 
border of the tarsi and are known as the superior and injerior tarsal muscles. ‘The former is a 
direct continuation of the levator palpebre superioris. 

The lachrymal lake (lacus lacrimalis) is that part of the medial angle of the eye which is 
bounded by the medial portions of the two lids and by a conjunctival fold, the semilunar jold 
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of the conjunctiva. At the bottom of the lake is a low, reddish projection covered with sebaceous 
glands and very fine, woolly hairs, the lachrymal caruncle. The portions of the lids which bound 
the lachrymal lake are-destitute of the tarsal tissue and sebaceous glands, but contain, on the 
other hand, the lachrymal ducts (see page 268). At the border of the lid the limit of the lake 
is indicated by the position of the lachrymal papilla and punctum, and by the border of the lid 
possessing at this point a distinct bend. 

As regards the blood-vessels of the eyelids, the arteries are the medial and lateral palpebral arteries. The former 
are the stronger and are branches of the frontal artery; the latter arise from the lachrymal artery (see page 31). The 
arteries of the medial and lateral halves of the lid form in front of the tarsus; in the part of the lid adjoining the palpebral 
fissure, an arched anastomosis known as the superior and injerior tarsal arch. The veins correspond to the arteries and 
open largely into the veins of the face, and the lymphatics course together with those of the conjunctiva (see below). 
The nerves of the eyelids arise from the first and second branch of the trigeminal. The upper lid is supplied by the 
first or ophthalmic branch (lachrymal, supratrochlear, infratrochlear nerves), the lower mainly by the palpebral branches 
of the infra-orbital and also by the zygomaticofacial branch of the zygomatic nerve. 


The eyelids develop as simple folds of the epidermis which gradually grow over the cornea and finally meet and 
are fused together by the union of the epithelium of the borders, a condition which persists until shortly before birth. 


THE CONJUNCTIVA. 


The conjunctiva (Figs. 761, 762, 766 to 769, and 771) is a mucous membrane which, as a 
direct continuation of the epidermis, lines a flat sac, the conjunctival sac, lying between the 
posterior surface of the lids and the anterior surface of the eyeball, and thus being bounded 
by a convex and a corresponding concave surface, and enclosing only a narrow space, the lachry- 
mal rivus (see page 270). The portions of its wall which cover these surfaces are called the 
conjunctival tunics of the eyelids and of the eyeball, and pass over into one another at the base 
of the lids, forming the superior conjunctival fornix in the upper lid and inferior conjunctival 
fornix in the lower one. 

At the free border of the lid the palpebral conjunctiva is continued into the epidermis without 
showing any line of separation, and throughout the whole height of the tarsus it covers the pos- 
terior surface of the lid as a smooth skin, closely connected with the tarsus, being separated from 
the tissue of the lid where the tarsus is lacking by areolar tissue and being, therefore, movable. 
In the region of the fornix of the conjunctiva small glands less than 1 mm. in diameter, the con- 
junclival mucous glands, occur, lying closely packed in the lateral angle of the eye at the level 
of the lachrymal gland and quickly decreasing in number toward the medial angle; they occur 
but rarely in the inferior fornix. According to their function they may be regarded as accessory 
lachrymal glands. Furthermore, in the region of the fornix small conjunctival lymph-nodes 
occur or, in some cases, only diffuse accumulations of lymph tissue. 

The conjunctiva of the bulb extends from the fornix of the conjunctiva to the border of 
the cornea, where it ends by a flat swelling, the conjunctival limbus, in such a way that its epithe- 
lium passes Over uninterruptedly into the corneal epithelium, and some connective tissue lam- 
ellz are continued from it into the proper substance of the cornea. The conjunctival sac, therefore, 
is not bounded by the conjunctiva at the cornea, but this latter structure extends directly into 
‘the space. The conjunctiva of the bulb is separated from the anterior part of the sclera, which 
it covers by a loose tissue, and can easily be removed from it. At the medial angle of the eye 
it forms a semilunar fold, concave laterally, the semilunar fold of the conjunctiva, whose relations 

I1I—18 


274 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


to the lachrymal sac have already been mentioned. Furthermore, there is formed in this situation 
the low, granular lachrymal caruncle (see page 273) which also must be regarded as a formation 
of the conjunctiva of the bulb. In the open eye, also, it is not altogether freely exposed, but is 
partly hidden by the lower lid. Its granular appearance is due to the sebaceous glands * lying 
in it. 

The blood-vessels of the conjunctiva are, first, the same as those of the eyelids, and secondly, twigs from the mus- 
cular branches of the ophthalmic artery which pass as episcleral vessels to the conjunctiva. The numerous superficial 
vessels—especially the smaller veins—give a reddish color to the conjunctiva. The lymphatics of the conjunctiva and 
of the lids are divided into those of the integument of the lid and those of the conjunctiva; both sets are united and, by 


means of superficial and deep lymph-vessels, separated by the orbicularis oculi, conduct partly into the lymph-nodes of 
the parotid region and partly to those of the submaxillary region. The nerves are the same as those of the lids. 


THE AUDITORY ORGAN. 


The auditory organ is for the most part enclosed in the temporal bone of the cranium (see 
Vol. I, page 54) and may be divided into three main parts: 

1. The internal ear is formed by the so-called labyrinth, and of this only the membranous 
labyrinth, which bears the end appcratus of the auditory nerve is the real sound-perceiving part 
of the organ, the osseous labyrinth being only its bony envelope. The entire inner ear lies in the 
petrous portion of the temporal bono. 

2. The middle ear is mainly formed by a cavity in the temporal bone, the tympanic cavity, 
which contains air. Its most important parts are a sound-conducting apparatus in the form 
of the auditory ossicles and a communication with the pharynx by the tuba auditiva. It is sep- 
arated from the external ear by the tympanic membrane. 

3. The external ear is the sound-receiving part of the auditory organ and consists of the 
external auditory meatus and the auricle. 


THE INTERNAL EAR, 
THE MEMBRANOUS LABYRINTH. 


The membranous labyrinth (Figs. 772 to 775) is a system of thin-walled branched canals 
filled with a liquid, the so-called endolymph. ‘The two saccules of the endolymphatic canal 
system, which lie in the vestibule of the bony labyrinth, are known as the vestibular saccules (sac- 
culus and utriculus), and are directly connected with one another by a rather narrow canal, the 
utriculosaccular duct, which also communicates with the endolymphatic duct, arising from the 
saccule. From the larger of the two saccules, the wériculus, three semicircular canals, the sem#- 
circular ducts, arise, while a spiral canal, the cochlear duct, is in communication with the smaller 
anterior saccule, the sacculus, by a short, narrow canal, the ductus reuniens. 

The endolymphatic cavities lie in corresponding osseous cavities of the bony labyrinth 
(see below), but the latter do not exactly correspond in shape with the ducts and saccules which 
they contain; the ducts and saccules do not fill their bony cavity, but a space, the perilymphatic 
space, remains between the bony and the membranous portions of the labyrinth and is also” 


* In older people there often occurs an accumulation of adipose tissue behind the conjunctiva in the region of the 
semilunar fold forming what is known as a pinguecula. 
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filled with a liquid, the perilymph, and may, therefore, be regarded as a lymph-space. ‘The endo- 
lymph and perilymph are completely separated from one another. 

The larger vestibular saccule, the utriculus (Figs. 772 to 774), is an elongated spherical, 
slightly flattened, thin-walled sac, lying in the elliptic recess of the labyrinth (see below), and is 
loosely attached to the vestibular wall by connective tissue fibers (ligaments of the saccules). 
Its attachment is somewhat stronger at the place where the nerve passes from the wall of the 


Common Surface of — Superior mem- Endolymphatic  Endolyi1phatic 
limb temporal bone branous ampulla sac duct Utricle 
\ \ 1 = / / 7 
\ a 


—_———— SS SS SSS —— 


SSS SSS es 


Sac- 
cule 
Cupola 
of 
cochlea 
: Cupular 
-CeCUM 
YE 4 
Z| a 
4 
a E , — \ 
Lat- : / \ \ 
eral W iy i \ _ Coch- 
semt- } / \ lear 
cir- ft \ duct 
cular y \ 
duct / we 
: / / \ } 


\ 
he s/he Oa 

/ \ 
ti i Stapes aa 


/ ‘oN \ 
/ / / i Cochlear fenestra \ \ } S T ympanic Vestibular 
Posterior Posterior Posterior Vesti- Vestibular Utriculo- * Cochlear  : scala scala 
semicircular semicircular membranous bule fenestra saccular: canaliculus ‘Ductus 
canal duct ampulla (peri- duct Vestibular reumiens 
lymphatic space) cecum 


Fic. 772.—The plan of the membranous labyrinth. The endolymphatic spaces are black. 


labyrinth into it. An oval spot on its medial wall, about 2 mm. in size, is characterized by a 
special modification of its epithelium and is termed the macula acustica of the utriculus; on account 
of the deposition upon it of fine crystals of lime salts, the otoliths (otoconia), it has a whitish 
appearance.* 

The membranous semicircular ducts (Figs. 772 to 774) which arise from the utriculus are 


* For the finer microscopic structure of the membranous labyrinth see the Sobotta-Huber Atlas and Epitome of 
Histology. 
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Fic. 773.—The right membranous labyrinth with the branches of the auditory nerve isolated (somewhat 
diagrammatic). (Enlarged seven times.) 
* = Utriculo-ampullary branch of the vestibular nerve. 
Fic. 774.—The right membranous labyrinth with the efferent nerves partly exposed. The cochlea has 
been opened from the side (somewhat diagrammatic). (Enlarged seven times.) 
** — Commencement of the basal turn; -+ * = sacculo-ampullary branch of the vestibular nerve. 


very thin-walled endolymphatic canals, oval or elliptic on cross-section, and only partly (about 
one-fourth to one-fifth) fill the cavity of the corresponding bony canals, lying eccentrically in 
them so that they are in contact with the inner surface of the bony canal on its convex side. 
Elsewhere they are loosely connected with the periosteum on the inner surface of the bony canal 
by connective tissue fibers (the duct ligaments). As with the bony canals (see below), so also there 
is a superior, a lateral, and a posterior semicircular duct. (Their position will be described below 
in connection with the bony canals.) Each duct at the one end possesses a large almost spherical 
enlargement, the membranous ampulla, where it opens into the utriculus, the superior ampulla 
being at the anterior end of the superior semicircular duct, the posterior one at the inferior end of 
the posterior duct, and the Jateral at the anterior end of the lateral duct. In the interior of each 
ampulla is an obliquely placed, semicircular fold, called the crista of the ampulla, which is in con- 
nection with the ampullary nerve and corresponds externally to a furrow, the ampullary sulcus, 
which serves for the entrance of the nerve. The sulcus and crista lie on that wall of the mem- 
branous ampulla which corresponds to the convex side of the canal, and the ampulle differ from 
the ducts proper in that they almost fill the bony ampulla. Corresponding to the osseous canals 
(see below) only the lateral duct has two openings into the utriculus, the superior and posterior 
ducts opening by separate ampulla at one end and at the other by a very narrow, common limb. 

The sacculus (Figs. 772 to 774) is the smaller of the two vestibular sacculi, lies in the 
spherical recess of the vestibule (see below), and has the shape of a flattened sphere. Jn it also, 
as in the utriculus, there is an macula acustica o} the sacculus in connection with the terminal 
ramifications of a corresponding nerve. From the lower, slightly narrowed end of the sacculus 
the very slender ductus reuniens (duct of Hensen) passes to the cochlea. The sacculus lies with 
its lateral wall about opposite to the fenestra of the vestibule (see below), but it is separated from 
this and from the foot of the stapes by a large, perilymphatic space, since sacculus and utriculus 
together occupy only a little more than half the cavity of the (bony) vestibule. 

The cochlear duct (Figs. 772 to 775) is a narrow, spiral canal, triangular on cross-section, 
situated in the spiral canal of the cochlea (see below) and making two and a half convolutions 
about the cochlear axis, diminishing a little in caliber toward the apex of the cochlea. It begins 
with a blind sac, the vestibular cecum, which is situated in the vestibule in the cochlear recess 
(see below), and receives the ductus reuniens. A similar blind pouch, the cupular cecum, occurs 
also at the tip of the duct, and in this region the duct, as well as the cochlea itself, is elliptic 
on cross-section. The cochlear duct has a decidedly different relation to the perilymphatic spaces 
than the other parts of the labyrinth, for the cochlear canal contains two perilymphatic spaces, 
separated by the cochlear duct and the spiral lamina of the cochlea (see below), and known as 
the tympanic and the vestibular scala. ‘The two scale communicate with one another at the 
helicotrema (see below) and correspond to the similarly named demicanals of the bony cochlea, 
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Fic. 776.—A cast of the right bony labyrinth as seen from the outer side and in front. (Enlarged seven 
times.) 
* — Exposed commencement of the basal turn. 
Fic. 777.—A cast of the right bony labyrinth as seen from the inner side and behind. (Enlarged seven 
times.) 
*-— Basal turn; ** = middle turn. 
Fic. 778.—A cast of the right bony labyrinth as seen from below. (Enlarged seven times.) 
* == Exposed commencement of the basal turn of the cochlea. 
Fic. 779.—The right internal auditory meatus as seen from the inner side after chiseling away a portion 
of its posterior wall. (Enlarged about three times.) 
** — Cut surface of the bone. 
Fic. 780.—The same preparation viewed from the inner side and from in front. 


The endolymphatic duct and sac (Fig. 772) are very rudimentary structures in man, while 
in lower animals they have a relatively much larger development. The endolymphatic duct 
arises from the lateral portion of the sacculus, and extends as an extremely fine canal filled with 
endolymph through the entire length of the vestibular aqueduct (see Vol. I., page 55) to below 
the dura mater, where it ends blindly with a slight swelling, the endolymphatic sac. Soon 
after its exit from the sacculus it receives at an acute angle an even more slender duct from 
the utriculus, the wiriculosaccular duct (see page 274). 


THE OSSEOUS LABYRINTH, 


The osseous labyrinth (Figs. 776 to 790) is the cavity in which the membranous labyrinth 
is situated. Since the latter is separated from the inner surface of the bony cavity by perilym- 
phatic spaces, the bony labyrinth is considerably more spacious than the membranous one, but 
otherwise it repeats all the out-pouchings, ducts, etc., of the membranous part. An exception 
to this occurs in connection with the vestibular saccules, both of these lying in a common osseous 
cavity, the vestibule, which also contains the vestibular caecum of the cochlear duct, the beginning 
of the endolymphatic duct and the utriculosaccular duct. 

The wall of the bony labyrinth is formed of extremely firm, compact bone, which in the 
newly born is quite distinctly differentiated from the spongiosa of the temporal bone, but only 
indistinctly so in the adult. It also contains a number of canals which conduct the nerves and 
vessels for the membranous labyrinth. The bony labyrinth lies with its medial surface facing 
the internal auditory meatus and its lateral surface toward the tympanic cavity, where several 
projections (the promontory, prominences of the lateral semicircular canal, see page 285) are 
produced by the structures of the labyrinth. Its whole length is about 20 mm., and its long 
axis stands obliquely to the pyramid of the temporal bone in such a way that the anterior part 
of the labyrinth, the cochlea, looks at the same time downward and medially, and the posterior 
part, the semicircular canals, upward and laterally (Fig. 781). 


THE VESTIBULE. 


The vestibule (Figs. 776 to 778 and 782 to 785) is the middle and at the same time the 
roomiest part of the bony labyrinth, and lies between the semicircular canals and the cochlea. 
It is almost oval, since its posterior part is broader than the anterior, and the inner surface is for 
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canal. It is at the same time the highest canal, and at the point of its greatest curvature reaches 
almost to the cerebral surface of the pyramid, where it produces the arcuate eminence (see Vol. 
I, page 54). At its anterior end it begins with an ampullar limb at the superior osseous ampulla, 
which lies close to the tympanic cavity and the facial canal, and with the following canal forms _ 
the common limb at its posterior end. According to its width and length it occupies a middle 
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Fic. 781.—The two bony labyrinths in their natural reciprocal relations. Upon the left side the efferent nerves have 
also been represented (diagrammatically). 


position, that is to say, it is narrower and longer than the lateral canal, but a little wider and 
shorter than the posterior one. 

The second vertical canal, the posterior semicircular canal, lies, as its name implies, almost 
parallel to the posterior surface of the pyramid of the temporal bone and perpendicular to the 
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superior canal, its greatest curvature being backward and downward. It begins in the vestibule 
with an ampullar limb and a posterior osseous ampulla, which opens into the inferior wall of the 
vestibule at a considerable distance from the other two ampulle. Its upper end unites with 
the posterior end of the superior canal to form the common crus. ‘The posterior canal lies deeper 
than the superior; of the three it has the most pronounced curve, and is consequently the longest, 
but also the narrowest. 

The horizontal or lateral semicircular canal lies horizontally in the angle made by the other 
two, and is by far the shortest, but also the widest. It has two separate openings into the vestibule; 
the ampullar limb begins as the anterior portion of the canal by means of the lateral osseous 
ampulla, which lies next to the superior ampulla and produces the prominence of the lateral 
semicircular canal (see page 286); the posterior portion forms a simple limb, which opens into 
the vestibule below the common limb. ‘The point of greatest curvature of the canal looks laterally 
and a little posteriorly. 


THE COCHLEA. 

The cochlea (Figs. 775 to-778, 781 to 787, and 789) is formed by the spiral canal of the cochlea, 
a spiral canal having two and a half convolutions and lying in an especially firm and hard, 
compact portion of the pyramid of the temporal bone. ‘The spiral canal winds around an axis 
known as the modiolus, composed of spongy bone substance and having the shape of a low cone, 
hollow in the centre. 

In the cochlea there may be recognized the broad (7 to 8 mm.) base and the cupola, a blind 
end lying opposite the base, at the apex of the cochlea. ‘The latter is directed toward the anterior 
part of the tympanic cavity and lies close to the medial wall of the tuba auditiva, while the base 
faces the internal auditory meatus. ‘Therefore, the axis of the cochlea is oblique, somewhat 
perpendicular to the posterior surface of the pyramid, and is directed from above, behind and 
laterally, downward, anteriorly and medially. Its length is about 4 to 5 mm. 

The bony cochlear canal begins at its vestibular aperture in the anterior wall of the vestibule 
(see below), and by means of the cochlear fenestra it communicates with the tympanic cavity, 
whose medial wall it bulges out to form the promontory (see page 285). Immediately adjacent 
to the crest of the cochlear fenestra (see page 286) the cochlear canaliculus (see Vol. I, page 66) 
arises from the cochlear canal, which continues onward for a short distance, only moderately 
curved, and then winds spirally about the cochlear axis. As it approaches the cupola of the 
cochlea the canal becomes gradually narrower, so that a wide, basal convolution, a narrower, 
middle one, and a very narrow (half) apical convolution may be distinguished. The middle 
convolution rests upon the basal one and rises above its level; while the apical convolution is 
inside of the middle one and scarcely projects beyond it. 

The modiolus, like the cochlea itself, has a base excavated by the cochlear area (see below), 
which is a depression lying on the floor of the internal auditory canal. It possesses spirally arranged 
foramina intended for the entrance of cochlear nerve fibers and forming the spiral foraminous 
tract. ‘The axis of the modiolus coincides with the axis of the whole cochlea, but is comparatively 
shorter than it, being but little more than half as long. The basal convolution of the cochlear 
canal winds about the hollow base of the modiolus, but, in the region of the middle convolution 
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Fic. 782.—The right bony labyrinth seen from the inner side and from behind. (Enlarged six times.) 
Fic. 783.—The right bony labyrinth seen from the outer side and from in front. (Enlarged six times.) 
* — Apical turn of cochlea. ** = Middle turn of cochlea. *** — Basal turn of cochlea. 
Fic. 784.—The right bony labyrinth seen from in front. (Enlarged seven times.) 
The semicircular canals and the greater portion of the spiral canal of the cochlea have been filed open. 
Fic. 785.—The left bony labyrinth. (Enlarged seven times.) 


Preparation as in Fig. 784, but the vestibule and the cochlea have been opened as far as the cupola. 


the inner part of the modiolus consists of a spongy bone substance traversed by narrow canals, 
the longitudinal canals of the modiolus (Fig. 787), which do not extend to the tip of the modiolus, 
but end blindly at a varying height, the longest canal, which lies in the axis of the modiolus, reaching 
almost to the cochlear cupola. The modiolus stops at the end of the second (middle) conyolu- 
tion and passes over into a bony lamella, the lamina of the modiolus (see below), and around the 
modiolus also a delicate, bony lamella, known as the bony spiral lamina (Figs. 785 to 787), winds 
in a spiral manner and produces an incomplete division of the cochlear duct, the division being 
completed by the membranous spiral lamina (see page 277). The width of this extremely thin 
bony plate is about half of the transverse diameter of the cochlear convolution at any point, 
.the width of the plate decreasing continually toward the cochlear cupola.* At the upper end 
of the modiolus the osseous spiral lamina becomes free and curves around the lamina of the 
modiolus in the form of a bent point, the hamulus of the spiral lamina (Fig. 786). ‘Thus, a semi- 
lunar opening called the helicotrema is formed between the lamina of the modiolus and the 
hamulus of the spiral lamina. The lower tympanic scala begins at the crest of the cochlear 
fenestra and courses up spirally below the osseous spiral lamina, while the upper vestibular 
scala begins at the vestibular recess and passes above the spiral membrane to the helicotrema. 
In the region of the basal convolution the tympanic scala is considerably larger than the vestibular 
scala, but it becomes continually narrower toward the cupola of the cochlea and the vestibular 
scala correspondingly wider. The two scale are continuous in the macerated cochlea at the 
free border of the bony spiral membrane (tympanic lipt) throughout the entire length of the 
spiral canal; while in the fresh condition they are separated by the membranous lamina (see 
page 277) and communicate only at the helicotrema. At the base of the osseous spiral lamina 
is a spirally running canal, the spiral canal of the modiolus, in which lies the spiral ganglion 
(see below). 

As regards the walls of the cochlear canal, they are formed by the bony cochlea on one side, 
i. €., externally and partly superiorly and inferiorly, and on the other, internally and partly 
inferiorly, by the external surface of the modiolus. They are for the most part smooth, but 
_in the first portion of the basal convolution, on the lateral wall of the canal opposite the osseous 
spiral lamina, there is a bony ledge, the secondary spiral membrane (Fig. 787), which gradually 
decreases in size and is fused, for a short distance, with the osseous spiral lamina at the vestibular 
aperture of the cochlea. Since the apical half convolution of the cochlea practically does not 
project beyond the level of the middle convolution the position of the bony partition between 

* Consequently the relative width of the membranous spiral lamina increases continually toward the cochlear cupola. 


Tt In addition to the tympanic lip there is also a vestibular lip which is produced by a periosteal thickening of the 
cochlear duct, and does not belong to the osseous spiral lamina. 
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the convolutions of the cochlear canal changes in the upper part of the cochlea. In the region 
between the basal and middle convolutions the partition is thick and is vertical to the axis of the 
modiolus, but in the middle convolution it becomes more inclined, and in the apical convolution 
it becomes so steep that it finally comes to lie almost in the direct line of the cochlear axis and has 
the form of a half funnel-shaped lamina, concave toward the apical and convex toward the middle 
convolution, known as the lamina of the modiolus (Figs. 786 and 787). It extends from the 
apex of the modiolus to the cochlear cupola, and its curved free border, together with the hamulus 
of the spiral lamina, forms the helicotrema. 


THE INTERNAL AUDITORY MEATUS. 


The iniernal auditory meatus (Figs. 779 and 780) begins at the internal auditory pore on 
the posterior surface of the pyramid of the temporal bone and from this passes laterally, as a 
rather narrow canal, elliptic in cross-section, into the substance of the temporal bone, ending 
at the fundus of the internal auditory meatus. ‘Through the internal auditory foramen the acoustic, 
facial, and intermediate (see page 187) nerves and the internal auditory artery and vein (see 
page 86) enter the temporal bone, and in the meatus the two main nerve-trunks, the acoustic 
and facial, separate, the intermediate nerve blending with the latter. 

At the fundus of the internal auditory meatus is an almost transverse, slightly curved, bony 
ridge, the transverse crest, which separates a superior smaller depression from an inferior larger 
one, the former being again divided by a bony ridge into an anterior and a posterior portion. 
At the anterior superior portion of the fundus is the jaczal canal, as a rather large, round foramen; 
this portion of the fundus is, therefore, called the area of the jacial nerve. ‘The superior posterior 
portion is the superior vestibular area; it has a number of small holes, which lead to the superior 
cribriform macula of the vestibule (see page 279) and contain the branches of the utricular nerve 
and of the superior and lateral ampullary nerves. 

That portion of the fundus which lies below the transverse crest is divided into the posterior 
injerior vestibular area and the anterior cochlear area. ‘The latter presents a number of foramina, 
which lie in the hollow base of the cochlear axis (see page 281) and are arranged spirally, repre- 
senting the spiral foraminous tract, while the inferior vestibular area transmits fine branches to 
the middle cribriform macula of the vestibule (for the saccular nerve). Finally, there is an addi- 
tional separate, moderately large, round foramen, which does not lie in the fundus proper, but 
rather toward the posterior wall of the meatus; i: is the singular joramen for the posterior ampullary 
nerve and leads to the inferior cribriform macula. 


THE ACOUSTIC NERVE. 


The acoustic nerve (Figs. 671 and 672), whose relations at the base of the brain and whose 
origin in the brain have already (page 187) been described, enters the internal auditory pore, 
and in the internal meatus splits into its two terminal branches, the cochlear and the vestibular 
nerves. Both lie close together as far as the fundus of the internal auditory meatus, the former 
being medial and anterior to the latter. The vestibular nerve then forms a ganglion, the vestibular 
ganglion, from which its fibers (see page 187) arise and pass centrifugally, to their termination 
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Fic. 786.—The bony labyrinth seen from the inner side and in front. (Enlarged about seven times.) 
The cochlea has been filed open from the side. 
Fic. 787.—The bisected bony left cochlea. (Enlarged six times.) 
* = Basal turn. ** = Middle turn. *** = Apical turn. 
Fic. 788.—The vestibular and cochlear fenestre seen from the right tympanic cavity. (Enlarged about 
six times.) 
* — Cavity of the pyramidal eminence. ** = Branches of the inferior tympanic vein. 
Fic. 789.—The outer wall of the right vestibule. (Enlarged two times.) 
The temporal bone has been sawn in a plane parallel with the axis of the pyramid. *— Basal turn of the cochlear 
canal. 
Fic. 790.—The right vestibule exposed by the removal of its outer wall. (Enlarged three times.) 


in the vestibular saccules and the semicircular canals, and centripetally to the nuclei on the 
floor of the rhomboidal fossa. 

At the fundus of the internal auditory meatus the vestibular nerve divides into two branches, 
the utriculo-ampullary and sacculo-ampullary rami. The latter is the lower one, and again 
divides into two branches, the saccular and posterior ampullary nerves, the latter passing through 
the singular foramen to the inferior cribriform macula and ramifying in the ampullar crest of 
the posterior semicircular canal, while the saccular nerve passes through the inferior vestibular 
area to the middle cribriform macula of the vestibule and to the macula acustica of the saccule. 

The stronger superior branch of the vestibular nerve, the wtriculo-ampullary ramus, passes 
through the superior vestibular area and to the superior cribriform macula of the vestibule, and 
divides into the utricular, superior ampullary and inferior ampullary nerves, which end in the 
macula acustica of the utriculus and in the superior and lateral ampullar crests respectively. 

The cochlear nerve enters the spiral foraminous tract in the cochlear area of the fundus of 
the internal auditory meatus, and through its foramina the bundles of the nerve pass in a spiral 
arrangement partly directly to the first portion of the basal convolution, partly first through the 
longitudinal canals of the modiolus. In the spiral canal they form the spiral ganglion, whose 
bipolar ganglion cells give origin to the cochlear fibers, these passing centripetally to the nuclei 
of the rhomboidal fossa, and centrifugally through fine canals in the osseous spiral lamina, 
extending from the tympanic lip to the spiral organ. 

As regards the development of the labyrinth; the membranous labyrinth is first formed, then the bony one. The 
former arises from the external germ layer (see page 307) and at first appears asa groove-like invagination of the embryonic 
ectoderm called the auditory groove, which later forms a vesicle which is at first spherical and is known as the auditory 
vesicle or labyrinth vesicle. Of the various portions of the adult labyrinth the endolymphatic duct (sac) is the first to 
make its appearance, and by the appearance of constrictions in the walls of the vesicle a gradual separation into the sac- 
culus and utriculus results. Before this is distinct the cochlear duct arises from what will later be the sacculus, appearing 
first as an almost straight evagination which only later, as it increases in length, begins to coil itself spirally. From the 
portion of the auditory vesicle which becomes the utriculus disc-like growths arise, which later form the semicircular 
canals, the borders of the disc widening, while the middle portion becomes thin and eventually breaks through. 

The bony labyrinth arises from the cartilaginous investment of the auditory vesicle, that is to say, from the so-called 
cartilaginous ear capsule. This gives place to a bony capsule which is really the foundation of the petrous portion of 
the temporal bone (see Vol. I, page 58). 

As regards the blood-vessels of the (membranous) labyrinth, all the arterial branches arise from the internal audi- 
tory artery (see page 37), which passes with the auditory nerve through the internal auditory meatus, but is distributed 


only partly in the labyrinth. The branches passing to the labyrinth are: 1. The vestibular. 2. The common cochlear branch. 
The former is the main artery for the vestibular saccules and the membranous semicircular canals, supplying the lateral 
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and supérior walls of the saccules and the adjacent portions of the superior and lateral canal. The common cochlear 
branch divides into the vestibulocochlear and the proper cochlear branches ; the former supplies the medial as well as the 
posterior wall of the two vestibular saccules, the posterior semicircular duct and the common limb of the other two, and 
also the first portion of the basal convolution of the cochlea; while the proper cochlear branch supplies the remainder of 
the cochlea, in which the blood-vessels, like the nerves, have a spiral course and form spiral glomeruli, known as the 
arterial glomeruli of the cochlea. 

The veins of the labyrinth, in contrast to the arteries, flow off in three directions. The internal auditory vein, 
which accompanies the corresponding artery, receives only the veins from the main portion of the cochlea through the 
spiral vein of the modiolus which runs in the cochlear axis, while the vein of the vestibular aqueduct ccnducts the blood 
from the utriculus and the semicircular canals into the superior petrosal sinus. The third labyrinth vein is the vein of 

~ the cochlear aqueduct; it collects the blood of the sacculus and partly also that of the utriculus, and, furthermore, also the 
blood from the basal convolution of the cochlea and from the bony walls of the cochlea, and leads into the transverse 


sinus. , 
: The labyrinth, like the eye, has no lymphatics. The perilymphatic spaces must be regarded as lymph-spaces; 
:. they communicate with the subarachnoideal space through the cochlear aqueduct. 


THE MIDDLE EAR. 


THE TYMPANIC CAVITY. 

The tympanic cavity (Figs.-791 and 792) is a six-sided, air-containing cavity lying in the 
temporal bone, and is mainly formed by the petrous portion and tympanic portion of this bone. 
It is in direct communication on the one side with the external auditory meatus through the 
aperture intended for the tympanum (see below); on the other with the external base of the skull 
through the musculotubar canal. Furthermore, the mastoid antrum and the mastoid cells 
open into the tympanic cavity. The six walls of the tympanic cavity receive special names 
from the parts with which they are in relation. The superior wall, which is formed by the tegmen 
tympani of the temporal bone (see Vol. I, page 55), is called the tegmental wall; the medial wall, 
which touches the labyrinth, is the labyrinth wall; the inferior wall, the jugular wall, the jugular 
fossa lying on its inferior surface; the posterior wall, the mastoid wall (since it presents the entrance 
into the mastoid cells); the anterior wall, which is largely occupied by the mouth of the musculo- 
tubar canal, is the carotid wall, because of the proximity of the carotid canal; and the lateral 
wall is largely formed by the tympanic membrane, and is, therefore, called the membranous wall 
(in the macerated bone a large aperture represents the region occupied by the membrane). 

Almost all the structures of the bony tympanic cavity are connected with the auditory organ, 
and are, therefore, described here. 

The most important structures of the tympanic cavity are in the medial labyrinth wall. 
In about the middle of the wall is the vestibular fenestra (fenestra ovalis), which leads into the 
vestibule. It is kidney-shaped, superiorly convex and inferiorly concave, and has a transverse 
position. It does not quite stand on the general level of the labyrinth wall, but is at the bottom 
of a shallow, recess-like depression called the fossa oj the vestibular fenestra. Just below it is a 
rounded elevation, the promontory, which is formed by the first portion of the basal convolution 
of the bony cochlea, and over the surface of the promontory a narrow groove runs vertically 
from above down, the sulcus oj the promontory, due to the tympanic nerve (see page 207), which 
here passes over the medial wall of the tympanic cavity, accompanied by branches of the tympanic 
vessels (see below). Below and behind the promontory and almost completely concealed by it 
is a second, more rounded opening, the cochlear fenestra (fenestra rotunda), which leads into the 
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Fic. 791.—The right tympanic cavity opened by removing the outer and the contiguous portions of, the 
anterior and superior walls. Seen from the outer side and in front. (Enlarged about 
two-thirds.) 

Fic. 792.—The right tympanic cavity after the further removal of bone. (Enlarged about two-thirds.) 

The carotid, facial, and musculotubar canals and the mastoid cells have been opened and the external auditory 
meatus completely removed. * = Opening of the cavity of the pyramidal eminence. ** = Cavity of the pyramidal 
eminence for the stapedius. 


bony cochlear canal. It lies in a rather deep depression, the fossa oj the cochlear fenestra, and 
has a rather definite border, the crest of the cochlear fenestra. The fossa is bounded posteriorly 
by a ledge-like bony ridge which starts from the vestibular fenestra and is known as the subiculum 
of the promontory. Above this is a small groove, the tympanic sinus. Close to the anterior surface 
of the vestibular fenestra the cochlearijorm process projects into the tympanic cavity as a curved, 
spoon-like, concave process; it is the free end of the septum of the musculotubar canal (see Vol. 
I, page 58). 

The posterior wall of the tympanic cavity, the mastoid wall, is for the most part occupied by 
the communication with the air-containing cavities of the mastoid process of the temporal bone, 
the mastoid cells, the tympanic cavity leading especially into a large cavity, which is only indis- 
tinctly separated from it; this is the mastotd antrum, into which the separate mastoid cells open. 
In addition the posterior wall of the tympanic cavity, where it passes over into the medial wall, 
presents a distinct, elongated prominence above the vestibular fenestra; this is the prominence of the 
facial canal, and corresponds to the middle portion of the facial canal (see Vol. I, page 58). Above 
this prominence is a larger one, the prominence oj the lateral semicircular canal, corresponding 
to the ampulla of this duct, and behind the vestibular fenestra and in front of the inferior portion 
of the prominence of the facial canal is a small cone-shaped process, which is hollow and is known 
as the pyramidal eminence. Its cavity opens into the tympanic cavity at the apex of the eminence, 
and a fine canal which leads from the facial canal into its cavity contains the nerve for the stapedius 
muscle (see below), which lies in the pyramidal eminence. Above the latter we usually find a 
small, but deep groove, called the posterior sinus. Furthermore, in the posterior wall of the tym- 
panic cavity, above the posterior sinus, is a shallow groove, the zncudal fossa, in which the short 
limb of the incus (see below) is fastened, and the tympanic aperture of the canaliculus of the chorda 
tympani (see Vol. I, page 57) occurs upon a small, transversely placed bony ridge situated 
just below the ring which serves for the attachment of the tympanic membrane and at the lower 
border of the posterior sinus. 

The anterior wall of the tympanic cavity, the carotid wall, contains the opening of the musculo- 
tubar canal, and also the orifices of the small caroticotympanic canaliculi coming from the 
carotid canal. 

The lateral wall of the tympanic cavity, the membranous wall, is mainly represented by a 
round aperture, closed, in the fresh condition, by the tympanic membrane, and above it is a small 
bony plate behind which lies the head of the malleus and partly the incus. 

The superior or ¢egmental wall presents usually a very shallow evagination of the tympanic 
cavity, the epttympanic recess, which deepens to a hollow hemisphere toward the lateral wall, 
to form the cupular portion. 
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The’ inferior or jugular wall frequently shows the attachment of the styloid process to the 
temporal bone in the form of a low elevation, the styloid prominence. 

All the walls of the tympanic cavity, excepting the promontory and epitympanic recess, show 
groove-like depressions varying in size and form called tympanic cells. They extend as tubar 
(pneumatic) cells to the proximal portion of the tuba auditiva. 

The space enclosed by the walls of the tympanic cavity has its smallest diameter from the 
medial to the lateral wall, since both the promontory and the tympanic membrane project into 
the lumen of the cavity; the least depth of the cavity in this diameter is 2.5; mm. The medial 
and lateral wall also approach one another below, and are more widely separated above. While 
the depth of the tympanic cavity is quite small, the height is rather considerable, reaching in 
the region of the epitympanic recess a maximum of 15 mm.; the longitudinal diameter of the cavity 
is about 13 mm. ‘The measurements, however, vary individually to a very high degree. The 
walls of the tympanic cavity are not separated from one another by sharp angles, but pass, in 
part, into one another in an arched manner, this being the case in the passage of the anterior 
into the inferior wall, the superior into the lateral, and the posterior into the inferior. 


THE AUDITORY OSSICLES. 


The three auditory ossicles (Figs. 793 to 799), the smallest bones of the body, lie in the 
tympanic cavity in such a way that the largest, the malleus, is in contact and fused with the 
tympanic membrane, the middle one, both as to its size and position, the zmcus, unites the former 
with the smallest one, the stapes, which lies against the vestibular fenestra. ‘The three ossicles, 
therefore, form a chain extending between the lateral and medial walls of the tympanic cavity. 

The malleus has rather the shape of a club than that of a hammer. It possesses a rounded 
head or capitulum, a constriction below the head, the neck (collum), a manubrium, and also two 
processes. The head is the largest part of the ossicle and is rounded off at its superior end, 
while its posterior surface is provided with a saddle-shaped, transverse, cartilaginous articular 
surface for the incus. The rounded-off portion of the head lies in the epitympanic recess, close 
beneath the tegmen tympani. Below the articular surface of the head there is a strong constriction 
known as the neck or collum, which, like the head, also lies above the tympanic membrane, 
behind the thin plate of bone which here separates the tympanic cavity from the external auditory 
canal. As a prolongation of the neck comes the manubriuni; it is an elongated, round rod of 
bone which decreases slightly in size from above downward, is flattened a little at the apex, 
and is fastened throughout its entire length to the tympanic membrane, its broadened apex 
corresponding to the umbo of the tympanic membrane. The manubrium does not lie exactly 
in the line of the head and neck, but forms an angle of 125° to 150° with them, so that the head 
and neck project further into the tympanic cavity than the manubrium. Of the two processes of 
the malleus, the Jateral process arises from the base of the manubrium as a short, thick process 
which projects laterally toward the tympanic membrane and produces upon it the malleolar 
prominence (see below). The anterior process (processus Folianus gracilis) is a long slender 
rod of bone, which is usually longer in the new-born than in the adult. It arises on the anterior 
surface of the manubrium, and thence, lying in the anterior ligament of the malleus (see below) 
and gradually passing over into it, passes forward and down, toward the petrotympanic fissure. 
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Fic. 793.—The might malleus from the outer side. (Enlarged seven times.) 
Fic. 794.—The right malleus from in front. (Enlarged seven times.) 
Fic. 795.—The right malleus from behind. (Enlarged seven times.) 
Fic. 796.—The right incus from the outer side. (Enlarged seven times.) 
Fic. 797.—The right incus from the inner side. (Enlarged seven times.) 
Fic. 798.—The right stapes from above. (Enlarged seven times.) 
Fic. 799.—The right stapes from the inner side and from below. (Enlarged seven times.) 
Ic. 800.—The right auditory ossicles of a child. (Enlarged seven times.) 
* == Articular projection. ** = Site of insertion of tensor tympani. -+ = Site of insertion of stapedius. 


The incus has almost the shape of a double-rooted molar tooth with unequally long roots. 
It possesses a body and two processes which are broad at the base and terminate in a point 
below. The body faces forward and has upon its upper surface a saddle-like depression which is 
covered by cartilage, for the reception of the head of the malleus. The long limb of the incus 
lies exactly parallel to the manubrium of the malleus, but a little medial and posterior to it. It 
is, however, shorter than the manubrium, and at its end it bears a small disc-shaped expansion, 
the lenticular process. The short crus faces the tympanic antrum and is almost horizontal; 
with its blunted tip it rests in the incudal fossa of the tympanic cavity. 

The stapes corresponds in shape almost completely to its name (stirrup). It presents a flat, 
oval base which fits into the vestibular fenestra, and has, therefore, an upper convex and an inferior 
concave border. Jn addition the bone possesses two limbs and a head. The Jimbs arise from 
the two ends of the base and pass almost horizontally lateralward. ‘The anterior limb is some- 
what the shorter and less curved and the posterior one more strongly curved, the latter also haying 
a roughened area for the insertion of the tendon of the stapedius muscle just before its attachment 
to the capitulum. The two limbs unite at the head of the stapes, which bears a small articular 
surface for the lenticular process of the long limb of the incus. 

The three ossicles are connected with one another by two joints, the articulations of the 
auditory ossicles. The union of the manubrium and incus is the zmcudomalleolar articulation, 
and is a saddle-shaped joint. The head of the malleus has a prominently convex, the body of 
the incus a concave, articular surface, both being covered with cartilage and enclosed by a delicate 
capsule. The articular surfaces of the two bones each possess, in addition, a spur-like process on 
the inferior surface, and frequently the joint possesses an articular disc. The articulation between 
incus and stapes, the incudostapedial articulation, is between the lenticular process of the incus 
and head of the stapes. It is an ellipsoid articulation resembling very much a ball-and-socket 
joint, and has a very thin capsule. The plane of the stapes, which connects both limbs, is almost 
perpendicular to the long axis of the long limb of the incus. 

In addition to these articulations there are also a number of ligaments which hold the ossicles 
in place, and also the tympanostapedial syndesmosis, which is the connection of the base of the 
stapes with the vestibular fenestra. The opening of the latter is closed by the periosteum of the 
vestibule, and the narrow space which remains between its bony border and the base of the stapes 
is filled by connective tissue, called the basal ligament of the stapes. 
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THE LIGAMENTS AND MUSCLES OF THE AUDITORY OSSICLES. 

Three ligaments serve for the fixation of the malleus (Figs. 801 and 802). The superior 

ligament fastens the head of the malleus, in the epitympanic recess, to the inferior surface of the 

tegmental wall, and is usually very short. The /ateral ligament arises from the border of the 
tympanic membrane in the region of the tympanic notch and passes toward the neck of the 
malleus, where it is inserted at the base of the two processes of the malleus. The anterior liga- 
ment surrounds the anterior (Folian) process, passing directly over into it and appearing to be a 
direct continuation of it. It passes to the petrotympanic fissure and traverses it, to be attached 
to the angular spine of the sphenoid (petrotympanic ligament). A stronger, more independent 
bundle of fibers passes, united with the preceding ligament, between the neck of the malleus 
and the posterior tympanic spine. In addition: the manubrium is fastened to the tympanic 
membrane (see below). 

The incus is held in place by the following ligaments (Figs. 801 to 803): The superior 
ligament passes in front of the body of the incus to the roof of the tympanic cavity; the posterior 
ligament is a short, tense band, fastening the long limb in the incudal fossa of the tympanic cavity 
(see page 286). 

The obturator membrane of the stapes (Fig. 804) is a very delicate membrane which occupies 

' the interval between the limbs of the stapes. 

For the movement of the auditory ossicles there are two small muscles, the larger of which 
is inserted into the malleus, the smaller into the stapes. The éensor tympani (Figs. 801, 802, 
and 804 to 806) is a rather long muscle occupying the upper portion of the musculotubar canal, 
which is known as the semicanal oj the tensor tympani muscle. It arises from the walls of the 
canal and also from the cartilage of the tuba auditiva and from the neighborhood of the spheno- 
petrosal fissure, and courses through its semicanal, completely shut off from the tuba auditiva 
as far as its tympanic end by a strong layer of periosteum, and at the root of the cochleariform 
process it passes over into a slender, round tendon, which, passing through the spoon-like con- 
cavity of the process, isbent almost at a right angle and then passes almost transversely (from 
within outward) across the tympanic cavity to the malleus. Its insertion is at the medial side 
of the base of the manubrium of the malleus, opposite the lateral process. 

The stapedius (Figs. 804 and 805) is smaller than the tensor tympani and is the smallest 
muscle in the body. It has an elongated, pyriform shape and is completely inclosed in the cavity 
of the pyramidal eminence, from whose walls it arises, and is inserted by a short, thin tendon 
close to the capitulum. After its exit from the cavity of the pyramidal eminence the tendon bends 
somewhat downward. 

The auditory ossicles develop from various structures. The stapes arises from the (pre-) 
cartilaginous labyrinth * (see page 284), while the malleus and incus have their origin from the 
first visceral arch (see page 308). 


While the function of the stapedius is still unknown, the tensor tympani, as its name implies, serves to tense the 
tympanic membrane by drawing the malleus and tympanic membrane inward toward the tympanic cavity. The stape- 
dius is innervated by the facial nerve, which passes immediately beside it, while the tensor tympani is supplied from the 
otic ganglion. 

* [It has also been maintained that the stapes is formed from the upper end of the second visceral arch 
cartilage.—ED. ] 
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Fic. 801.—The right tympanic cavity opened from above. (Enlarged five times.) 

The tegmen tympani, the upper wall of the musculotubar canal, and the roof of the mastoid antrum have been 
removed; a small portion of the facial nerve has been exposed in the vicinity of the geniculum. * = Folds of mucous 
membrane of the mastoid antrum. 

Fic. 802.—The outer wall of the right tympanic cavity as seen from the inner side. (Enlarged five 
times.) ‘ 

The malleus, the incus, the tensor tympani, the membrana tympani, and the tube are shown in their reciprocal 
relations, since the inner wall has been removed by a section approximately parallel to the membrana tympani. The 
greater portion of the tensor tympani has been exposed by the removal of the periosteum. The stapes has been removed 
with the inner wall of the tympanum. 

Fic. 803.—The outer wall of the right tympanic cavity seen from the inner side. (Enlarged five times.) 

General preparation as in Fig. £02. In addition the chorda tympani and the tympanic aperture of the canaliculus 
of the chorda tympani have been exposed, the tensor tympani with the greater portion of the musculotubar canal 
removed, and the tendon of the tensor cut off close to the malleus. * = Fold of mucous membrane. 

Fic. 804.—The inner wall of the right tympanic cavity seen from the outer side. (Enlarged five times.) 

Preparation as in Fig. 801. In addition the upper and the outer walls of the cavity and the greater portion of the 
external auditory meatus have been removed. A small portion of the tympanic membrane has been retained. 

Fic. 805.—The inner wall of the right tympanic cavity seen from the outer side. (Enlarged five times.) 

Preparation as in Fig. 804. In addition the posterior wall has been partly removed, the stapedius exposed, the 
lower portion of the facial canal opened or removed, and the external semicircular canal opened up. 

Fic. 806.—A frontal section of the right external auditory meatus, of the tympanic membrane, and of 
the tympanic cavity. (Enlarged four times.) 

* — Apical recess of tympanic cavity. 


THE TUBA AUDITIVA OR EUSTACHIAN TUBE. 


The tuba auditiva or Eustachian tube (Figs. 801 to 805 and 809 to 811) is a long, almost 
straight, flattened canal which connects the tympanic cavity with the nasopharyngeal cavity. 
Since the tympanic membrane (see below) is air-tight, the Eustachian tube is the only way by 
which the air of the middle ear stands in communication with that of the outside. 

The tuba auditiva is divisible into two parts, an osseous portion lying in the semicanal and a 
cartilaginous portion. The osseous portion begins at the carotid wall of the tympanic cavity 
as an irregularly shaped, not very sharply defined opening, the tympanic aperture (ostium), and 
follows exactly the course and shape of the osseous (semi-) canal, being separated from the tensor 
tympani partly by the bony septum of the musculotubar canal, partly by the periosteal covering 
of the muscle mentioned above. In the lower wall, near the tympanic opening, there are incon- 
stant tubar pneumatic cells, described above (page 287). ‘The cartilaginous portion opens as the 
pharyngeal aperture into the nasopharyngeal cavity (see Vol. II, page 41). Its transition into the 
osseous portion takes place in the region of the sphenopetrosal fissure at the medial opening 
of the musculotubar canal, the cartilage being attached directly to the margin of the bony semi- . 
canal. 

The cartilage of the tuba auditiva, which serves as a support for the tube, occurs only in its 
superior and medial walls. Its shape is that of a plate, bent so as to enclose a very narrow groove 
(Fig. 811), the two lamellz enclosing the groove being known as the lateral and medial cartilaginous” 
lamine. ‘They are continuous by their upper borders, so that the groove opens downward. The 
medial lamina in the region where the tuba reaches its greatest diameter, namely toward the pharyn- 
geal opening, is higher and considerably thicker than the lateral, which, as a hook-shaped plate, 
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Fic. 807.—The outer wall of the right tympanic cavity as seen from the outer side. (Enlarged five 
times.) 
The tympanic membrane has been removed together with the wall of the external auditory meatus. * = Layer 
of periosteum which conceals the tensor tympani. 
Frc. 808.—The right tympanic membrane as seen from the inner side. 
The contents of the tympanic cavity and the tympanic mucous membrane have been almost entirely removed, but 
the manubrium of the malleus has been left behind. 
Frc. 809.—The cartilage of the tuba auditiva and its relations to the base of the skull. 
Fic. 810.—A cross-section of the cartilaginous portion of the left tuba auditiva near its junction with the 
osseous portion. (Enlarged two times.) 
Fic. 811.—A cross-section of the cartilaginous portion of the left tuba auditiva near its pharyngeal orifice. 
(Enlarged two times.) 


portion of the temporal bone forms the arch-like boundary of the tympanic notch, extending 
between the tympanic spines (major and minor) of the tympanic portion. In the region of the 
tympanic notch the tympanic sulcus is absent. The tympanic membrane is attached at the sulcus 
by a circular thickening, the fibrocartilaginous ring, which forms the periphery of the tympanic 
membrane, the limbus of the tympanic membrane. 

In the tympanic membrane two portions, differing decidedly in character, can be distinguished, 
a lense portion and a looser superior or flaccid portion (Shrapnell’s membrane), the latter corres- 
ponding to the tympanic notch. The tense portion is drawn in like a funnel by the manubrium 
of the malleus, which is fastened to it, and the depression which is thus formed upon the surface 
of the membrane which faces the external auditory canal is called the wmbo. 

The tympanic membrane consists of three layers: first, of a middle lamina propria com- 
posed of connective tissue, and second, of the epithelium of the two surfaces. The medial surface 
ot the tympanic membrane, facing the tympanic cavity, has an epithelium continuous with the 
very thin mucous membrane of the tympanic cavity and is known as. the mucous layer oj the 
tympanic membrane, while that of the lateral surface, facing the external auditory meatus, is 
continuous with epithelium lining the meatus (see page 295), and is the relatively thicker cutaneous 
layer oj the tympanic membrane. 'The lamina propria in the region of the tense portion of the 
membrane consists of radial fibers on the lateral surface (stratum radiatum) and circular fibers 
on the medial surface (stratum circulare), but both layers (that is, the whole lamina propria) are 
absent in the flaccid portion, so that here the tympanic membrane consists only of the cutaneous 
and mucous layers, and since it is the lamina propria which gives tenseness to the tympanic 
membrane, the flaccid portion is loose. 

The lateral surface of the tympanic membrane (Fig. 812) has a shining appearance and 
shows light reflections. The whole length of the manubrium of the malleus, from the umbo up, 
shines through the membrane as a bright strip, the malleolar siria, and since the apex of the 
manubrium extends below the middle of the tympanic membrane, the umbo of the latter has an 
eccentric position. At the superior end of the malleolar stria is a small prominence which cor- 
responds to the superior border of the tense portion and is produced by the lateral process of 
the malleus; it is known as the malleolar prominence. The flaccid portion begins above this prom- 
inence, and otherwise the tympanic membrane seems smooth and free from folds on the lateral 
surface. This is not the case, however, on the medial surface, which faces the tympanic cavity. 
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Fic. 812.—The right tympanic membrane as seen from the outer side. (Enlarged five times.) 
The greater portion of the wall of the external auditory meatus has been removed. * = Cut surface of the bone 
** == Cross-section of the mucous membrane of the external auditory meatus. 
Fic. 813.—A frontal section of the external auditory meatus, of the tympanic cavity, and of the labyrinth. 
(Enlarged two times.) 
-++ = Apical recess of the tympanic cavity. + + = Oblique section of the wall of the external auditory meatus. 


The epztympanic recess (attic) (Figs. 802, 803, 806 and 808) is the portion of the tympanic 
cavity above the tympanic membrane which contains the head of the malleus and the body of 
the incus. It is bounded laterally by the lateral wall of the tympanic cavity and by the cupular 
portion of the tegmen tympani, and is partly separated from the superior recess of the tympanic 
membrane by the lateral malleolar ligament. It contains folds of the mucous membrane. The 
epitympanic recess, the superior and the anterior and posterior recesses of the tympanic membrane, 
lie in order, one below the other. 


THE VESSELS AND NERVES OF THE TYMPANIC CAVITY. 


It is characteristic of the blood-supply of the tympanic cavity that the arterial branches come from several, sometimes 
rather distant, sources. There are four different tympanic arteries, which enter the tympanic cavity in different ways. 
The largest is the anterior tympanic from the internal maxillary (see page 27), and enters the tympanic cavity in com- 
pany with the chorda tympani through the petrotympanic fissure; the posterior tympanic is a small branch of the stylo- 
mastoid (from the posterior auricular, see page 26) and passes through the canaliculus of the chorda tympani; the 
inferior tympanic comes from the ascending pharyngeal (see page 24) and passes through the tympanic canaliculus; the 
superior tympanic arises from the middle meningeal (see page 28) and passes through the superior aperture of the 
tympanic canaliculus. In addition, a caroticotympanic branch passes from the internal carotid (see page 31) to the 
tympanic cavity. A branch of the inferior tympanic passes with the tympanic nerve‘over the promontory, and the medial 
side of the tympanic membrane is also supplied by the arteries of the tympanic cavity. The veins follow the arteries 
in their course. The lymph-vessels are still but little known. 

The nerve of the tympanic cavity (including the mucous layer of the tympanic membrane) is the tympanic nerve, 
which courses over the promontory (see page 207), and, together with the sympathetic branches of the plexus of the internal 
carotid artery (caroticotympanic nerves), forms the tympanic plexus (see page 207). The chorda tympani traverses 
the tympanic cavity without giving off any branches, and the facial nerve, also, except for the innervation of the stapedius, 
has no distribution to the tympanic cavity. 

As regards the development of the middle ear, the tympanic cavity, as well as the tuba auditiva, is formed from 
the first pharyngeal pouch, just as the external auditory meatus (see below) develops from the remains of the first branchial 
cleft (see also page 308). The tympanic membrane is from the thin lamella which separates the first pharyngeal pouch 
from the first branchial cleft. , 


THE EXTERNAL EAR. 


The external ear consists of the external auditory meatus and the auricle. The tympanic 
membrane separates it from the middle ear. 


THE EXTERNAL AUDITORY MEATUS. 


The external auditory meatus (Figs. 806 and 813) is divisible into two portions. The medial 
part is enclosed by bone, and is known as the osseous external auditory meatus, while the lateral 
part is enclosed by cartilage, and is known as the cartilaginous external auditory meatus. The 
two parts pass into one another at the external auditory pore, the osseous portion, therefore, 
extending from the pore to the groove in the’tympanic portion of the temporal bone, in which the 
tympanic membrane is attached. Since this membrane is very obliquely inclined to the axis of 
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Fic. 814.—The right external ear as seen from the outer side. 
Fic. 815.—The cartilage of the right external ear as seen from in front. 
The cartilage is represented in its natural connection with the temporal bone. The anterior portion of the squama 
temporalis has been sawn away. 
Fic. 816.—The cartilage of the right Sreainal ear as seen from the outer side. 
Fie. 817.—The Sarna of the right external ear as seen from the inner side. 
Fic. 818.—The right external ear ceparied from the head and viewed from the inner aspect. 
* — Cut margin of integument. 
Fic. 819.—The muscles of the inner aspect of the auricle. 
Fic. 820.—The muscles of the outer aspect of the auricle. 


THE AURICLE. 


The auricle (pinna) (Figs. 814 to 820) is an elongated, almost shell-like structure, fastened 
at an acute angle on the lateral surface of the head, its rather concave surface being directed 
laterally and forward, while the convex surface looks for the most part medially and backward. 

The frame-work of the auricle is a very complex plate of elastic cartilage termed the carti- - 
lage of the auricle, the majority of whose folds can be easily recognized through the skin without 
further preparation. The sharply bent border which surrounds the superior, posterior, and upper 
parts of the anterior surface of the auricle is called the helix,* its anterior portion, which lies 
almost horizontally above the external auditory meatus, being the crus of the helix, and the 
anteriorly directed spine occurring on this, the spine of the helix. Posteriorly and inferiorly 
the helix terminates a free, flattened process, the cauda. Parallel to the helix is the anthelix, 
which arises below the highest point of the curvature of the helix by two limbs, the crura oj the 
anthelix, between which is a deep depression, the ériangular fossa, while between the helix and 
anthelix there is an elongated, deep groove or furrow termed the scapha. 

The large depression between the anthelix and the anterior portion of the helix is the concha, 
and is really the floor of the auricle. From it the crus of the helix has its origin and divides the 
groove of the concha into the cymba oj the concha, lying between the crus of the helix and anthelix, 
and the real vestibule of the external auditory meatus, the cavity of the concha. ‘The lower 
anterior part of the cartilage is formed by the lamina of the tragus and the cartilage of the external 
auditory meatus. The former, covered by its integument (see below), forms the tragus + at the 
anterior entrance of the external auditory meatus, and is continued medially without any 
demarcation, into the cartilage of the auditory meatus. 

Opposite to the lamina tragica the auricular cartilage is slightly curved upon itself, forming 
the antitragus, which is separated from the cauda of the helix by a deep fissure, the antilrago- 
helicine fissure, and from the lamina tragica by a rounded groove, the intertragic notch. ‘This 
notch corresponds to the narrow connecting bridge called the isthmus, which connects the carti- 
lage of the external auditory meatus and the lamina tragica on the one side with the main portion 
of the auricular cartilage on the other, these two main portions of the cartilage being separated 
medially by a deep slit, the terminal notch of the auricle. 

Corresponding to the depressions of the lateral surface of the auricle there are prominences 


* At the upper end of the helix there is frequently a small projection, the auricular tubercle (Darwin’s tubercle), 
and a little behind its upper end the helix is often drawn out to a point, the auricular apex (Darwin’s apex). 
} Above the tragus there is often a small projection, the supratragic tubercle. 
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on the medial surface: the eminence o} the triangular fossa, of the concha, and oj the scapha. The 
first two are separated by the éransverse sulcus oj the anthelix, a groove which corresponds to. the 
crus of the anthelix and passes over into the corresponding fossa of the anthelix, lying between the 
three eminences. ‘The medial surface of the auricle also shows’ a transverse fissure, the sulcus 
oj the helix, which represents the corresponding elevation of the lateral surface. 

The cartilage of the external auditory meatus begins laterally as the lamina of the tragus, 
and is a groove-like semicanal which is interrupted by (usually two) vertical incisions, the 
notches of the cartilaginous external auditory meatus (notches of Santorini); the noncartilagi- 
nous portion of the wall (the posterior superior surface) is filled in by connective tissue, just 
as are the incisures. 

The external integument covers the cartilage of the auricle in such a way, that almost all its 
elevations are plainly visible, a condition due to the fact that the skin of the external ear is almost 
free of fat, and, therefore, fits itself exactly to the folds of the auricle. A departure from this 
condition is found only at the following places; first, the auricular lobe contains no cartilage, but 
is a duplication of skin filled with an accumulation of fat; second, in the antitragicohelicine 
fissure and the portion-of the terminal auricular fissure, which lies between the crus of the helix 
and the lamina of the tragus, the cartilage is lacking. Over the terminal fissure there is a simple 
groove, the anterior auricular notch, along which the skin of the auricle cartilage becomes continu- 
ous with that of the cheek, and over the antitragohelicine fissure there is a shallow furrow, the 
posterior auricular sulcus. While the lateral surface of the auricular cartilage is completely 
covered by integument, only the superior and posterior portions of the medial surface are so 
covered, the integument being reflected to the temporal and mastoid regions of the cranium without 
actually covering the medial surface of the concha. 

In addition to the three portions of the auricularis muscle which serve to move the ear (see 
Vol. I, page 179) there are some other very small muscles which are no longer functional and 
are sometimes partly replaced by connective tissue. The helicis major is an elongated, flat muscle 
which passes from the spine of the helix to the superior border of the bend of the anterior crus of 
the helix. The /elicis minor lies upon the crus of the helix; it is shorter than the preceding, and’ ~ 
passes obliquely from in front and above, downward and backward. ‘The tragicus is broadly 


_Tectangular, arising from the lamina of the tragus and passing upward. The antitragicus lies in 


the antitragus, behind the intertragic notch, and connects the antitragus and the anthelix. The 
transversus auricule consists of short fibers often separated by interspaces, and lies on the poste- 
rior surface of the auricle, where it connects the eminence of the concha with that of the scapha. 
The obliquus auricule is a small, weak bundle which connects the eminence of the triangular 
fossa and the eminence of the concha. 


The blood-vessels of the auricle are, for the anterior part, branches of the superficial temporal artery (anterior auri- 
cular arteries) and for the posterior part branches of the posterior auricular artery. "The veins correspond with the arteries. 
The lymph-vessels pass partly forward into the parotid lymph-nodes in the vicinity of the ear, and partly backward into 
the superficial cervical lymph-nodes. 

The nerves of the auricle have their origin from very different sources. The anterior portion is supplied by the 
auriculotemporal nerve from the mandibular (see page 203) through the anterior auricular nerves, the posterior portion 
from the posterior branch of the great auricular nerve (see page 214). The auricular branch of the vagus supplies the bottom 
of the cavity of the concha as well as the external auditory meatus. 
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Fic. 821.—A vertical section of the scalp. (Enlarged twelve diameters.) 
Fic. 822.—The sweat-glands of the axilla. 


The auricle is developed from folds of the embryonic integument in the region of the external 
aperture of the auditory meatus; that is to say, over the posterior border of the first and the anterior 
border of the second visceral arch, and becomes evident as early as the fifth week of embryonic life. 


THE OLFACTORY ORGAN. 


The superior portion of the nasal cavity, termed the olfactory region, which is distinguished 
by its microscopic structure, functions as the olfactory organ (see Vol. II, page 87). 


THE GUSTATORY ORGAN. 


The gustatory organ also is recognizable, mainly by its microscopic structure, and is located 
in the papilla of the mucous membrane of the tongue, mainly in the vallate papillz (see Vol. II, 


page 35). 


THE EXTERNAL OR COMMON INTEGUMENT. 


The common integument serves, first, as a covering for the whole body, and, second, as the 
seat of the sense of touch and of related sensory impressions. A distinction must be made between 
the true external skin, the cudis, and its appendages. At the orifices of the body the integument 
becomes continuous with the neighboring mucous membrane without any sharp line of demar- 
cation, as, for instance, at the mouth, nose, palpebral fissure, anus, urethra, and female genital 
organs; no such transition occurring, however, at the orifice of the auditory meatus, since the 
lining of the external meatus is only a continuation of the integument 

The integument consists of three layers, which, named from without inward, are, first, the 
epidermis; second, the coriwm; and third, the subcutaneous, connective, or adipose tissue, the 
subcutaneous tela. 

The epidermis is the epithelial part of the integument, and, thus also, the origin of all its 
glandular appendicular structures. It varies greatly in thickness in the different parts of the body, 
being thickest in the palm of the hand and sole of the foot, very thin on the eyelids, the prepuce, 
the scrotum, and elsewhere. At the body orifices it becomes continuous with the epithelium of 
the mucous membranes, and in the colored races its deeper layers are the seat of the pigment 
formation, as it is also in the more strongly colored regions of the “white” races, such as the 
scrotum, genitals, anus, nipple region, and the middle line of the abdomen in pregnant women. 
The further structure of the epidermis is largely microscopical (see the Sobotta-Huber Adlas and 
Epitome of Histology). 

The corium is grooved on its external surface, that is, on the surface facing the epidermis, 
these grooves being the sulci of the cutis, which are variable in depth, some being shallow and 
others deeper. In certain regions, as in the palm of the hand and sole of the foot, where they are 
arranged especially distinctly and regularly, they are separated by small ledges called the ridges 
of the culis, the sulci and ridges forming peculiar regular figures, whose form and arrangement are 
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variable, though characteristic of each individual (Figs. 827 and 828). The corium, which is 
formed by a felt-like reticulum of connective-tissue bundles, varies greatly in thickness in different 
parts of the body, usually corresponding with the thickness of the epidermis. The numerous 
elastic fibers of the corium give a high grade of elasticity to the integument, and it also possesses 
smooth muscle tissue, usually in small bundles, visible only on microscopic examination, but 
forming in some places, as in the tunica dartos of the scrotum (see Vol. II, page 139) and in the 
mammary areola (see below), a continuous layer. 

The tactile toruli are minute, cushion-like areas of the volar surface of the hand and the 
plantar surface of the foot, which are especially rich in sensory nerve-endings. 

The subcutaneous tela is practically continuous with the corium, since its entire thickness is 
traversed by large connective-tissue strands of the corium, the retinacula of the cutis (Fig. 821). 
The subcutaneous tela is separated from the tissue lying below it by a usually thin and fascia-like 
lamina known as the superficial (general) fascia. In most parts of the body the subcutaneous tela 
consists of adipose tissue which forms the so-called panniculus adiposus, only certain regions, 
such as the eyelids, scrotum, prepuce, and auricle, being destitute of it. 

At various points-thére occur beneath the integument mucous sacs which are called sub- 
cutaneous burse, because they lie in the region of the subcutaneous tela. Sometimes they are of 
large size, as is the case with the prepatellar subcuianeous bursa, but usually they are quite small. 
The following are the principal bursee which occur: the premental subcutaneous bursa, the 
subcutaneous bursa of the laryngeal prominence, the sacral subcutaneous bursa, the acromial sub- 
cutaneous bursa, the olecranal subcutaneous bursa, the subcutaneous burse of the medial and lateral 
epicondyles of the humerus, the dorsal metacarpophalangeal and dorsal digital subcutaneous burse, 
the trochanteric subcutaneous bursa, the prepatellar and injrapatellar subcutaneous burse, the 
subcutaneous bursa of the tuberosity of the tibia, the subcutaneous burse of the medial and lateral 
malleoli, the calcaneal subcutaneous bursa. There are, in addition, a number of inconstant burs, 
but those mentioned above are the most constant; their locations are indicated by their names. 


THE APPENDAGES OF THE INTEGUMENT. 
THE GLANDS OF THE CUTIS., 


In the integument there are two kind of glands, differing in form, the glomiform and the 
sebaceous glands. 

The glomiform glands are found in almost all parts of the integument in the form of the 
sudorijerous glands. ‘The real secreting portions of the glands are coiled, and, at least in the 
better-developed sudoriferous glands, lie in the subcutaneous tela, the excretory duct permeating 
the corium and epidermis to open by a minute orifice, the sudoriferous pore. These openings— 
at least those of the larger glands—can just be recognized by the naked eye, especially upon the 
ridges of the cutis of the fingers (Fig. 827) and the toes. The sudoriferous glands of the axilla 
(Fig. 822) attain an especially large size, as do also the glomiform glands of the eyelids known as 
the ciliary glands (glands of Moll) (see page 270), the circumanal glands, which are as large as 
those of the axilla, and are scattered over a zone about 1 to 2 cm. in diameter, surrounding the 
anus, and the cerwminous glands of the external auditory meatus (see page 295). 
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Fic. 823.—The anterior aspect of the right breast of a pregnant woman. 
Fic. 824.—The anterior aspect of the dissected right mammary gland of a pregnant woman. 
The skin has been removed with the exception of that of the papilla. 
Fic. 825.—The right mammary gland of a pregnant woman; bisected in the sagittal plane. 
Fic. 826.—The right mammary gland of a pregnant woman. 
A circular strip of the integument has been excised about the nipple (* =cut margins). The integument in the 
vicinity of the nipple has been reflected toward this structure in order to show the lactiferous ducts. 


The sebaceous glands (Fig. 821) are almost always in connection with the hair-follicles and 
are situated in the region of the corium; they produce the cutaneous sebum, a secretion rich in fat. 
The sebaceous glands are entirely absent in those portions of the palm of the hand and the sole 
which are destitute of hairs, and they are especially large on the ala of the nose, where they occur 
in connection with very small lanugo hairs, and on the labia minora, where they are independent 
of hairs. Sebaceous glands also occur on the glans and prepuce of the penis and the red portions 
of the lips. The tarsal (Meibomian) glands are especially modified sebaceous glands of the 
eyelids (see page 272). 

THE MAMMARY GLAND. 


The two mammary glands must also be regarded as glands of the integument, since they are 
really modified sudoriferous glands, which, when in a fully developed and active condition, secrete 
the milk, Jac, and, during the first days after birth, the colostrum. ‘They are paired glands situated 
in the skin of the thorax, mainly in the adipose tissue, by which they are surrounded, the varying 
development of the glands, and especially of the associated subcutaneous adipose tissue, producing 
a variable degree of fulness of the breasts in different individuals. The body of each gland has 
the form of a flattened hemisphere and consists of fifteen to twenty-four irregularly shaped 
mammary lobes, which are more or less deeply separated by the adipose tissue. Each lobe is 
again divided into smaller lobules and has a special duct, the lactiferous duct, opening upon the 
nipple. 

The mammary papilla, or nipple, lies in the middle of a circular, darkly pigmented area of 
integument, the mammary areola. This is distinguished by a lack of fat and by the presence of 
larger sebaceous glands lying in its periphery, the so-called areolar glands (Montgomery’s glands), 
which form small wart-like projections. At the time of lactation and also during pregnancy 
the pigment of the mammary areola is considerably increased. The papilla itself is cone-shaped, — 
varying individually in length and thickness; it is covered by a very wrinkled, delicate membrane, 
and is rich in smooth muscle-fibers, which form a layer extending throughout both the papilla 
and the neighboring portions of the areola. At its apex are the orifices of the lactiferous ducts, 
which appear as fine openings about o.5 mm. in diameter, and just before its orifice each duct 
has a spindle-shaped dilatation, the lactiferous sinus. 

The mammary gland lies on the level of the third to the sixth or seventh ribs, in the mammary 
region. ‘The level of the papilla is very variable and usually corresponds to the fourth intercostal 
space. Laterally, the mammary body has only an ill-defined boundary, and its processes often 
reach as far as the axillary fossa. It is separated from the pectoralis major by the fascia of that 
muscle. 
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Only when active does the gland attain its full size, this condition being first reached toward 
the end of pregnancy. It occurs in the male in an incompletely developed condition, forming 
what is termed the mamma virilis. Accessory mammary glands and papille occasionally occur 
at various parts of the body, usually in the neighborhood of the normal glands, but occasionally 
in the axillary fossa or even on the thigh. 

The mammary gland derives its bloodvessels from very different sources: External mammary 
branches arise from the lateral thoracic artery (see page 42); the lateral and medial mammary 
branches come from the intercostal arteries (see page 53), and numerous mammary branches 
also pass to the gland from the internal mammary artery. The veins accompany the arteries 
and their roots anastomose in the areola to form the mammillary venous plexus. 

The lymphatics of the mammary gland all pass to the axillary lymph-nodes. 

The nerves of the mammary papilla and skin, but not of the gland itself, are the lateral and 
medial mammary rami of the lateral and anterior cutaneous branches of the intercostal nerves 
(see page 228). 

THE HAIRS. 

The hairs (Fig. 821) are fine, but long, partly very long and thread-like, horny formations 
of the skin which project freely above the surface by the portion known as the hair shaft or scapus, 
while the portion known as the root or radix is obliquely imbedded in the skin itself and is sur- 
rounded by the hazr jollicle. At the fundus of the follicle the hair is fastened to the hair papilla. 

The integument bears two varieties of hairs, the wool or lanugo hairs and the stronger 
body-hairs. The lanugo hair always has the form of very fine hairs, such as those of the eyelids, 
which can hardly be recognized by the naked eye, partly as somewhat coarser, but always very 
short, hairs, which are found on almost all portions of the skin where the stronger body hairs 
do not develop. The only portions of the body entirely without hair are the palm of the hand 
and sole of the foot, the volar (plantar) surfaces of the fingers and toes, the dorsal surface of the 
terminal phalanges of the fingers and toes, and partly also the middle phalanges, the glans penis, 
the inner surface of the prepuce, and the red portion of the lips. 

The stronger body hairs are usually distinguishable from the lanugo hairs by their greater, 
sometimes much greater, thickness, and also by their being more densely crowded and of con 
siderable length. The eyebrows, supercilia, eyelashes, cilia, the hairs of the nostrils, vibrisse, 
and the hair in the first portion of the cartilaginous auditory meatus, tragi, are short; those of 
the head, capilli, of the beard, barba, of the pubic region, pubes, and of the axilla, hirci, are 
longer and stronger. The hairs of the pubic and axillary regions are peculiar, and are dis- 
tinguished, even in straight-haired people, by being decidedly curled. 

The hairs often occur in groups, as on the scalp. The curved lines along which the hairs 
are arranged are known as the flumina pilorum, and are especially distinct in the foetus, and, 
occasionally, as at the crown of the head, become vortices. A crown occasionally occurs in the 
coccygeal region, the vortex coccygeus. 

The hairs have a limited duration of life, and after falling out they are usually replaced by 
new ones. This change is very marked in the cilia, whose life is only one hundred to one hun- 
dred and fifty days, while the hairs of the head are said to attain an age of from two to four 
years. 
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Fic. 827.—The ridges and sulci of the volar surface of the finger-tip. (Enlarged 2 : 1.) 
Fic. 828.—Impression of the ridges and sulci of two fingers. 
Fic. 829.—A nail removed from its matrix and viewed from the dorsal surface. 
Fic. 830.—A dorsal view of a finger-nail in its natural position. 
Fic. 831.—A dorsal view of the finger-nail. 
The nail has been bisected by a longitudinal incision and the matrix exposed upon the left side. 


Typical sexual differences occur in the growth of hair, as the absence of beard and anal 
hairs and the sharply outlined growth of hair of the mons pubis in the female. 


THE NAILS. 


The nails (Figs. 829 to 831) are thin, horny, transparent plates which are fastened to the 
dorsal surfaces of the terminal phalanges of the fingers and toes, and are, therefore, twenty in num- 
ber. They are strongly curved transversely to the axis of the phalanx, the curve being convex 
dorsally. The largest part of the nail is free and is known as the body, and the thin border which 
extends beyond the distal end of the phalanx is termed the jree margin. ‘The posterior thinner 
portion, the root, lies in a fold of the integument, the wngual fold (see below), and terminates with 
a sharp, usually convex border, the concealed margin, while the lateral walls, which are also 
largely contained within the cutaneous folds of the cutis, are known as the lateral margins. At 
the line of transition of the root into the body of the nail, especially in the case of the thumb-nail, 
there is a whitish, semilunar area, the /unula, which represents that part of the area of the for- 
mation of the nail which projects beyond the wall of the nail (see below). ‘The convex surface 
of the nail is smooth while the concave surface is finely ribbed, the -horny nail on this surface 
passing without interruption into the non-cornified germinal layer of the epidermis. 

The nail rests by its concave inferior surface upon the matrix, which is a part of the integu- 
ment free from glands and adhering to the dorsal surface of the unguicular tuberosity of the 
terminal phalanx by strong connective-tissue fibers. On its free surface, facing the inferior sur- 
face of the nail, it shows distinct longitudinal ridges, the ridges of the matrix. ‘The cutaneous 
furrow in which the root and the posterior part of the lateral border of the nail are situated is 
called the sulcus of the matrix, and the fold of integument which partly covers the margins of 
the nail is the wall. The body of the nail is closely adherent to the matrix throughout the 
greater portion of its length, only the distal part of the nail being free on both surfaces. 
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THE REGIONS OF THE HUMAN BODY.* 


In THE human body there may be distinguished, in the first place, certain main parts, such 
as the head, the neck, the trunk, and the extremities; and the trunk js again divisible into the 
thorax, abdomen, and back or dorsum. The extremities are divided into the wpper and the lower 
extremities. 


* Since the special description of the regions of the human body belongs properly to topographic anatomy, only 
a short account of them is given here. 
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The Regions of the Head.—The facial portion of the head is known as the face. In the 
cranial portion there are the jrons, the vertex, the temples, the occiput, and the sinciput. 

The region of the forehead is known as the frontal region. On either side of this unpaired 
region there may-be recognized as a subdivision, the swpra-orbital region, corresponding to the 
eyebrows. On either side of the head are the temporal regions, and above these the unpaired 
parietal region, the latter corresponding in its extent to the two parietal bones, while the former 
corresponds largely to the squamz of the temporal bones. Behind the parietal region is the 
occipital region, also unpaired; the region about the auricle is the auricular region, and the small 
region behind it, the mastoid region, this corresponding to the mastoid portion of the temporal 
bone. 

The Regions of the Face.—The ‘nasal region corresponds to the external nose. The 
oral region is the region about the mouth, and is again divided into the superior and inferior 
labial regions. At the chin is the mental region, which is also unpaired. The (paired) cheek 
region is called the buccal region, and the region about the eyes the orbital region; it is also paired, 
and is again divided into the superior and injerior palpebral regions. Below the orbital region 
and bordering medially on the nasal region is the infra-orbital region, and also, more laterally, 
the zygomatic region, which extends to the temporal region. The parotideomasseteric region lies 
behind the buccal region and below the zygomatic and temporal regions; its posterior part, which 
extends back to the superior portion of the sternocleidomastoid region, is called the retroman- 
dibular jossa. 

The Regions of the Neck.—The neck is divided by a line corresponding to the anterior 
border of the trapezius into the true neck, collum, and the nucha (cervix). The latter contains 
only the unpaired posterior region of the collum or nuchal region, lying below the occipital region, 
and the nuchal fovea,. which is a small, triangular depression below the external occipital pro- 
tuberance.* 

The collum is divided by the sternocleidomastoid into two main regions, an unpaired, 
anterior region of’ihe neck and a lateral region lying between the borders of the sternocleido- 
mastoid, trapezius, and the clavicle. The portion over the sternocleidomastoid itself is known 
as the sternocleidomastoid region, and the lower portion of this, lying between the two heads ~ 
of the muscle, is called the minor supraclavicular region. 

In the lateral region of the neck the depressed area above the clavicle is called the swpra- 
clavicular fossa, and the region between the clavicle, the inferior border of the inferior belly 
of the omohyoid, and the posterior border of the sternocleidomastoid is the omoclavicular 
trigone. 

The anterior neck region is divided into unpaired and paired subdivisions. The unpaired 
parts, counted from above downward, are: 1. The submental region, lying below the mental region 
and extending laterally to the anterior belly of the digastric muscle. 2. The hyoid region, cor- 
responding to the hyoid bone. 3 The subhyoid region, the space between the hyoid bone and 
larynx. 4. The laryngeal region, corresponding to the thyreoid cartilage. 5. The ¢hyreoid region, 
corresponding to the surface of the thyreoid gland. 6. The suprasternal region, below the 
larynx, above the sternum, and medial to the two sternocleidomastoids, the most depressed 


* The depression is between the medial borders of the semispinales capitis. 
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portion of which is called the jugular jossa. The paired subdivisions of the lateral neck region 
are: 

1. The submaxillary, bounded by the base of the mandible and the two bellies of the digastric 
muscle. 

2. The carotid jossa, lying on the anterior border of the upper half of the sternocleidomastoid, 
bounded superiorly by the posterior belly of the digastric and the stylohyoid, and anteriorly 
bordering on the hyoid, subhyoid, and thyreoid regions. 

The Regions of the Trunk.—To determine the position of the organs of the trunk the 
following lines, in addition to the intercostal spaces, are employed: the anterior and posterior 
median lines; the sternal line, parallel to the first, on the lateral border of the sternum; the mam- 
millary line, through the middle of the nipple; the parasternal line, between the two preceding 
and parallel to them; the axillary line passing from the highest point of the axillary fossa ver- 
tically downward; and the scapular line, parallel to the posterior median line, through the 
inferior angle of the scapula. The regions of the trunk are divided into the pectoral, abdo- 
minal, and dorsal. 

The Pectoral Regions.—In the thorax there is, in the first place, the unpaired anterior 
pectoral region, separated from the paired lateral pectoral regions (right and left) by the border 
of the pectoralis major (anterior axillary fold). 

In the anterior pectoral region are the following subdivisions: 

The unpaired sternal region, corresponding to the surface of the sternal bone, and the clav- 
icular region, having the same relation to the clavicle. Below the clavicular is the paired imjra- 
clavicular region, whose lateral portion, bordering on the deltoid region, is the deltoideopectoral 
irigone, or, since it is often depressed, the injraclavicular fossa. On, either side, next to the 
inferior portion of the sternal region, is the mammary region, corresponding to the mammary 
gland in the female and to the sternocostal part of the pectoralis major. Connected with it, 
inferiorly, is the paired injramammary region, which forms the lower end of the thorax and is 
separated from the abdomen by a transverse line crossing the lower border of the sternum. 

The lateral pectoral region is divided into two indistinctly separated portions: the upper 
axillary region with the axillary fossa, and the lower lateral costal region. ‘The axillary fossa is 
bounded by the asillary folds, the anterior axillary jold corresponding to the border of the pec- 
toralis major and the posterior axillary fold to that of the latissimus dorsi. 

The Abdominal Regions.—The abdomen is divided by two parallel horizontal lines (an 
upper one, which connects the lower borders Of the costal arches, and a lower one, drawn between 
the anterior superior iliac spines) into three main regions lying one upon the other: the epigastric, 
the mesogastric, and the hypogastric regions. In the epigastric region there is an area, corres- 
ponding to the infrasternal angle (see Vol. I, page 35), which is usually depressed and is known 
as the scrobiculus cordis. Lateral to the epigastric region on either side, below the inframam- 
mary region, is the hypochondriac region, corresponding to the costal arches. 

The mesogastric region is divided into the middle, unpaired wmbilical region, which includes 
the part about the umbilicus and the median portion of both recti abdominis muscles, and the 
lateral abdominal region, which borders superiorly on the hypochondriac region and is bounded 
inferiorly by the iliac crest. 
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The hypogastric region is divided into a middle, unpaired pubic region with the mons pubis, 
and paired Jateral inguinal regions, whose lower limit is the inguinal ligament. 

The Dorsal Regions.—The dorsum embraces, besides the true back, also the gluteal, 
anal, and perineal regions. The unpaired median dorsal region extends from the inferior end ” 
of the nuchal region to the superior end of the sacral region and corresponds to the width of 
the vertebral column. The sacral region is the direct continuation of the median dorsal region 
and corresponds to the dorsal surface of the sacral bone. 

On either side, lateral to the median dorsal region, is the scapular region, the extent of which 
is determined by the scapula; and above the scapular region is the suprascapular region, which 
extends laterally to the axillary region, while below it is the imjrascapular region, the lateral 
boundary of which, toward the lateral pectoral and hypochondriac regions, is formed by the 
lateral border of the latissimus dorsi and its inferior boundary by the twelfth rib. On either 
side, next to the medial border of the scapula and the median dorsal region, is a narrow band 
which, with the adjacent portion of the preceding region, forms the unpaired interscapular region. 

Below the infrascapular region, on either side, next to the median dorsal region, is the lumbar 
region, which extends down to the crest of the ilium. The coxal region is separated from the 
lumbar and lateral abdominal regions by the iliac, crest, while the lateral (superior) border of 
the gluteus maximus separates it from the gluteal region. ‘This almost corresponds with the 
large gluteal muscles, but extends down only to the gluteal sulcus (see Vol. I, page 232), which 
forms the boundary between the buttock and thigh. Laterally, the gluteal region borders upon 
the trochanteric region. At the lower end of the trunk is the unpaired perineal region, which 
borders on the sacral region superiorly, and on the gluteal regions laterally. The shape of this 
region almost corresponds to that of the pelvic outlet, and it is divided into a posterior anal and 
an anterior urogenital region; the latter, including the pudendal region, being occupied by the 
external genital organs. 

The Regions of the Upper Extremity.—The upper extremity is divided into the upper 
arm or brachium, the forearm or antibrachiwm, and the hand or manus, and the hand is again 
divided into carpus, metacarpus, and digits. 

The usually somewhat flattened region which forms the summit of the shoulder is called the 
acromial region, and that corresponding to the deltoid muscle is the deltoid region, which extends 
into the scapular region of the dorsum. The true brachium is divided into anterior, medial, 
posterior, and lateral brachial regions, and at the elbow, cubiius, there are also anterior, medial, 
posterior, and lateral cubital regions. ‘The most depressed spot of the cubital region is called the 
cubital jossa, and the part of the posterior cubital region corresponding to the olecranon of the 
ulna is the olecranal region. 

In the forearm, as in the upper arm, there is a volar, ulnar, posterior, and radial antibrachial 
region. 

The hand is divided into the volar and dorsal regions, and in the digits there are the volar 
regions, the dorsal regions, and the unguicular regions, which bear the nails. The thumb is 
called the pollex; the forefinger, index; the middle finger, third or medial digit; the ring finger, the 
fourth or annular digit; the little finger, the fifth digit or minimus. 

The Regions of the Lower Extremity.—lIn the leg there is the thigh or femur, whose 
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upper boundary is, anteriorly, the inguinal ligament and, posteriorly, the gluteal sulcus; it is 
followed by the knee or genu, then the leg or crus, and the foot or pes, the latter being divided 
into tarsus, metatarsus, and digits. 

The portion of the thigh which corresponds to the greater trochanter and borders medially 
on the gluteal region is called the trochanteric region, and there are an anterior, a medial, a posterior, 
and a lateral femoral region. The part of the anterior femoral region which lies immediately 
below the inguinal ligament is called the subinguinal region.* In the knee there is an anterior 
and a posterior region; in the middle of the latter is the popliteal jossa; and opposite it, in the 
anterior region, is the patellar region, corresponding to the patella. 

The crus is divided into an anterior, medial, posterior, and lateral crural region. ‘The upper 
part of the posterior crural region, which corresponds to the calf, is called the swral region. The 
regions of the ankles are known as the malleolar regions (medial and lateral), and the parts behind 
the ankles are the retromalleolar regions (medial and lateral). 

In the foot there is a dorsal and a plantar region, and also a calcaneal region. In the toes 
there are dorsal digital and unguicular regions. ‘The big toe is called hallux; the little toe, the 
fifth digit or miumimus. 


APPENDIX II. 


GENERAL REMARKS CONCERNING THE STRUCTURE AND EARLY 
DEVELOPMENT OF THE HUMAN BODY. 


From its development, as well as from its internal organization, the trunk, together with 
the head, which lies in direct continuity with it, is to be regarded as the main portion of the body, 
the limbs or extremities being merely appendicular structures which do not contain any visceral 
structures, but, in addition to the general integument the body, consist only of the skeleton and 
muscles, with the nerves and vessels belonging to them. 

The viscera of the human body are primarily two parallel, longitudinal canals which are 
so placed in the embryo that one, the medullary canal, is found on the dorsal side of the body, 
the other, the alimentary canal, on the ventral side. Between the two, as the precursor of the 
much later, bony skeleton,.is the chorda dorsalis, which, with the exception of a few insignificant 
remains (see Vol. I, page 110) is completely degenerated in the adult. Both canals are enclosed 
by the body wall, which consists of integument, skeleton, and musculature, and surrounds both 
visceral canals so that each lies in a canal-like cavity, the medullary canal, in the neural canal 
or neural cavity, and the alimentary canal, in the visceral canal or cavity. 

The medullary canal, early in the development, shows a club-shaped enlargement of its head 
portion which represents the brain, and, corresponding to this, the neural canal also shows a 
corresponding expansion which, like the remaining part of the neural canal, is later bounded 
by the osseous skeleton, becoming the cranial cavity and the vertebral canal. The visceral 
canal also partly acquires a bony wall in the form of the ribs, and, in the course of its development, 
becomes very much wider than the neural canal and does not enclose the alimentary canal closely, 
but forms a relatively wide space in which all the outgrowths of the embryonic alimentary canal, 


* The femoral triangle (see Vol. I, page 216) is also part of the anterior femoral region. 
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such as: the respiratory and portions of the urogenital organs, as well as the glands belonging to 
the alimentary canal, have a place. Neither does the visceral canal adapt itself to the extensive 
variations in caliber of the alimentary canal, nor does it elongate proportionally with it, since 
its elongation is determined by that of the neural canal. Consequently the intestines become 
greatly coiled in the visceral canal. In addition to the digestive, respiratory, and urogenital 
organs, also a part of the vascular system, the heart, finds its place in the visceral canal. 

The primary foundation of the human body * is the fertilized ovum, the products of 
whose division, the blastomeres, form a hollow vesicle upon which (as in the development of verte- 
brates with eggs rich in yolk) is a relatively small region, the embryonic area, which is the starting- 
point for the development of the embryo. In the embryonic area a streak-like structure appears, 
the primitive streak, from whose anterior end a process known as the head process of the primi- 
tive streak grows out. This represents the first appearance of the embryonic body, and in it 
the germ layers, which are differentiated in the region of the primitive streak, form the first organs 
of the later embryo. 

The germ layers are at first three layers of embryonic cells which are connected with one 
another at the anterior end of the primitive streak. They are an outer layer or ectoderm (ecto- 
blast), a middle layer or mesoderm (mesoblast), and an inner layer or entoderm (entoblast); 
and from them, by modifications which they undergo in the region of the head process of the 
primitive streak and, later, of the embryonic body, all parts of the body are developed. From the 
external germ layers are derived the entire epidermis with all the epidermal structures, such as the 
cutaneous glands, hairs, nails, and the lens of the eye, the whole central and probably also the 
peripheral nervous system, and the higher organs of sense, such as the retina of the eye, the epithe- 
lium of the membranous labyrinth, and the olfactory and gustatory epithelium. From the ento- 
derm are derived the epithelium of the digestive organs, including all the digestive glandular 
structures, the epithelium of the respiratory organs and its glands, and the epithelium of the urinary 
bladder. The mesoderm is divided by a differentiation of its elements, the so-called mesodermic 
somites and the lateral plates, into three parts: The one part furnishes the epithelium of the 
serous cavities of the body and of the greater part of the urogenital apparatus (lateral plate); 
the second part the entire striated musculature of the body, this being formed from the myotomes 
of the mesodermic somites. The third part is also called mesenchyme and arises from the 
mesodermic somites, as well as from the lateral plates. It is the source of all the supporting 
tissue of the body, together with the smooth muscle tissue. All the varieties of connective or 
supporting tissue, adipose tissue, loose and compact connective tissue, tendons and fascia, the 
corium of the integument, all bones and cartilages, the lymph-nodes, spleen, etc., are developed 
from the mesenchyme, as are also the vascular and lymphatic systems. 

The first organs that can be recognized in the embryonic germ layers are the medullary 
and alimentary canals. They are formed by a folding of the external and internal germ layers, 
respectively, and by their formation the fundamental shape of the human body (see above) is 
determined. The folding of the medullary canal is preceded by a thickening of the ectoderm 
to form the medullary plate. 

The alimentary canal at first is closed at both the upper and lower ends (see also Vol. IJ, 


* For details consult text-books of embryology. 


308 ATLAS AND TEXT-BOOK OF HUMAN ANATOMY. 


pages 21 and 57). The upper blind end, separated from the buccal cavity (see Vol. II, page 21) 
by the pharyngeal membrane, is known as the head or branchial gut, and forms during the third 
week of development four or five so-called pharyngeal pockets, that is, lateral recesses of the 
wall of the embryonic pharynx which grow toward the branchial pouches, which are corresponding 
depressions of the external skin. Each two branchial and visceral pouches are separated from 
one another by a part of the cartilaginous visceral skeleton of the embryo known as a branchial 
or visceral arch. The majority of the branchial and pharyngeal pockets disappear, later, almost 
completely, the first only being retained in part to form the middle ear (see page 294) and the 
external auditory meatus. From the epithelium of the lower ones portions of the thyreoid gland 
and the thymus glands develop (see Vol. II, pages 106 and 109); and from the branchial arches 
the hyoid bone (see Vol. I, page 73), the styloid process of the temporal bone, and the auditory 
ossicles, malleus and incus, and possibly the stapes also (see page 289), are developed. 

The visceral canal is lined by a part of the middle- germ layer, the so-called lateral plates. 
These enclose a cavity, the primitive visceral cavity or ccelom, which is single at first and only 
later a division into the thoracic and abdominal cavities, that is to say, into the four serous cavities 
of the body, the two pleural cavities, the pericardial, and the peritoneal cavity,* takes place by 
the formation of the diaphragm. 

The other portions of the middle germ layer, the mesodermic somites, appear in the embryo 
in segmented form, that is to say, in two rows which lie on either side, next to the middle line. 
In the first place the body musculature is developed from them, but retains its distinct segmental 
arrangement throughout life only in the intercostal muscles and in the deeper layers of the dorsal 
musculature. This primary segmented arrangement of the muscle masses gives rise to a secondary 
segmentation of the mesenchymatous representatives of the axial skeleton, and, therefore, of the 
subsequent vertebral column.f The segmental arrangement of the musculature also gives rise 
to a segmentation of the nerves arising from the central nervous system, an arrangement which 
is continued into the region of the head. 

The extremities are relatively late in appearance, and arise as small outgrowths of the embry- 
onic integument, into which, later on, the muscle and skeletal tissues grow. At first they are 
unjointed appendages, the joints appearing rather late. 

* The serous cavity of the tunica vaginalis propria is constricted off from the peritoneal cavity. 

+ The intervals between the vertebree do not correspond to the intervals, but to the centers, of the mesoblastic 
somites. Toward the central portion of the primitive myotome is also the motor nerve growing out of the central neryous 


system, so that after the development of the skeletal tissue the nerve comes to lie in the interval between two vertebrz 
(intervertebral foramen). 
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Antibrachial cutaneous nerve, dorsal, 
224 
lateral, 220 
medial, 220 
radial, 220 
interosseous nerve, 221 
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Antibrachial regions, 305 
vein, median, 94 
Antibrachium, 305 
Antitragicohelicine fissure, 296, 297 
Antitragicus muscle, 297 
Antitragus, 296 
Antrum, mastoid, 286 
Anus, arteries of, 64 
nerves of, 238 
Aorta, 17, 18 
abdominal, 19, 
Abdominal aorta. 
arch of, 18, 20. See also Arch of 
aorta. 
ascending, 18, 19 
descending, 18 
abdominal portion, 54. 
Abdominal aorta. 
primitive, 17 
thoracic, 19, 52. 
aorta. 
wall of, 18 
Aortic bifurcation, 54 
bulb, 19 
isthmus, 20 
lymphatic plexus, 110 
sinuses, I9 
great, 19, 80 
sympathetic plexus, abdominal, 245 
thoracic, 243 
Aperture, medial, of tegmen, 171 
of fourth ventricle, lateral, 132, 170 
Aqueous humor, 255 
Arachnoid of brain, 189 
of cord, 123 
Arachnoidal granulations, 190 
sheath of optic nerve, 262 
Arachnoideal cavity, 189 
fluid, 189 
Arbor vite, 135, 165 
Arch, aortic, 18, 20 
permanent, 17 
primitive, 17 
rami of, 20 
ravine, 24 
Arcuate artery, 74 
nerve fibers, 172, 173, 174, 176, 183 
nuclei, 174 
Areolar glands, 300 
Arm, arteries of, 20, 21, 33, 41, 44 
development, 308 
lymphatics of, 107, 108 
muscles, nerves of, 225 
nerves of, 219, 220, 223 
regions of, 305 
sensory skin areas of, 225 
Arnold’s — inframaxillary 
nerve, 201 
Arteria comitans nervi ischiadici, 63 
Arterial circle of Willis, 33 
of iris, 257, 258 
glomeruli of cochlea, 285 
trunks, 34 
Arteries, 17 
abdominal anterior cutaneous rami 
of intercostals, 54 
aorta, 54. See also Abdominal 
aorta. 


54. See also 


See also 


See also Thoracic 


recurrent 


Arteries, accessory meningeal ramus 
of middle meningeal, 28 
acetabular, 62 
acromial ramus of thoraco-acromial, 
42 
of transverse scapular, 4o 
rete, 40, 42, 49 
alveolar, inferior, 27 
posterior superior, 2 
anastomotica magna, 45, 69 
angular, 25 
anterior auricular rami of superficial 
temporal, 26 
ramus of obturator, 62 
tibial, 71, 72 
aorta, abdominal, 
Abdominal aorta. 
arcuate, 74 
articular, of knee, 69, 70 
rete, cubital, 49 
of lower extremity, 74 
of upper extremity, 49 
auditory, internal, 37, 284 
auricular, 297 
deep, 27 
posterior, 22, 26 
ramus of occipital, 26 
of posterior auricular, 26 
axillary, 33, 41 
anastomoses with subclavian, 43 
subscapular rami, 43 
azygos articular, 70 
basilar, 36 
brachial, 33, 44, 45 
bronchial, 17, 52 
. rami of internal mammary, 39 
buccinator, 29 
calcaneal rami of peroneal, 72 
of posterior tibial, 72 
rete, 75 
caroticotympanic ramus of internal 
carotid artery, 31 
carotid, common, 17, 21. 
Common carotid artery. 
external 17, 22. See also Exter- 
nal carotid artery. 
internal, 17, 30 


54. See also 


See also 


caroticotympanic ramus, 31, 
204 
corpal ramus of ulnar, dorsal, 48 
volar, 48 


cerebellar, 36, 37 
cerebral, anterior, 33- 
middle, 33 
posterior, 37 
rami of internal carotid, 32 
cervical, ascending, 39, 40 
deep, 40 
superficial, 39, 40 
transverse, 41, 43 
ascending, 41 
descending, 41 
chorioid, 32 
ciliary, 31, 257, 258 
cochlear, proper, 285 
coeliac, 19, 55 
tripod of Haller, 55 
colic, left, 58 


Arteries, colic, middle, 57 
right, 57 
collateral, middle, 44 
radial, 44 
ulnar, 45 sb 
comitans nervi ischiadici, 63 
common iliac, 19, 61 
communicating, anterior, 33 
posterior, 32 
ramus of peroneal, 71 
conjunctival, 31 
coronary, I9 , 
left, 19 
right, 20 
costocervical trunk, 40 
cremasteric, external, 66 
cricothyreoid, 23 
cubital articular rete, 45, 49 
cutaneous rami of intercostals, 53, 
54 
cystic, 56 
deep volar arch, 46, 51 
deferential, 63 
deltoid ramus of deep brachial, 
4 
of Sienna 42, 43 
dental, anterior superior, 29 
inferior, 27 
posterior superior, 29 
descending aorta, abdominal por- 
tion, 54. See also Abdomi- 
nal aorta. 
thoracic portion, 52. 
Thoracic aorta. 
development, 17, 307 
digital, common volar, 50, 51 
dorsal, 50 
fibular dorsal, of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 70 
of second toe, 76 
of third toe, 76 
lateral dorsal, of fifth toe, 74, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of second toe, 76 
of third toe, 76 
medial dorsal, of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of second toe, 75, 76 
of third toe, 76 
plantar, of hallux, 76 
proper volar, 50, 51 
radial dorsal, 47, 5° 
of fifth finger, 51 
of fourth finger, 51 
of index-finger, 47, 5° 
of third finger, 50 


See also 
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Arteries, digital radial dorsal, of 
thumb, 47, 50 
proper volar, 51 
volar, 47 
tibial dorsal, of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of second toe, 75, 76 
of third toe, 76 
ulnar dorsal, 47, 50 
of fifth finger, 48, 51 
of fourth finger, 51 
of index-finger, 50 
of third finger, 51 
of thumb, 47, 50 
proper volar, 51 
volar, 47 
of fifth finger, 51 
dorsal ramus of radial collateral, 44 
carpal, 49 
ramus of radial, 46 
of ulnar, 48 
dorsalis pedis, 73 
duodenal rami of superior pan- 
creaticoduodenal, 56 
epigastric, inferior, 65 
superficial, 67 
superior, 39 
epiploic, 56 
episcleral, 31 
ethmoidal, 32 
facial, external, 22, 24 
femoral deep, 67 
lateral circumflex, 68 
medial circumflex, 67 
fibular dorsal digital, of fifth toe, 
76 
of fourth toe, 76 
of third toe, 76 
plantar digital, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of hallux, 75, 76 
of second toe, 76 
of third toe, 76 
of hallux, 76 
ramus of posterior tibial, 71 
first dorsal metacarpal, 47 
frontal, 32 ‘ 
ramus of superficial temporal, 2 
gastric, left, 55, 56 
gastroduodenal, 56 
gastro-epiploic, 56 
genu, lateral inferior, 70 
superior, 69 
media, 70 
suprema, 69 
gluteal, inferior, 63 
superior, 62 
great aortic sinus, 19, 80 
hemorrhoidal, inferior, 64 
middle, 63 
superior, 58 
hepatic, 55 
humeral, circumflex, 43 
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Arteries, hyaloid, 257 
hyoid ramus of lingual, 23 
of superior thyreoid, 23 
hypogastric, 61 
deviations in, 65 
ileal, 57 
ileocolic, 58 
iliac, common, 61 
deep circumflex, 66 
external, 65 
internal, 61 
ramus of iliolumbar, 61 
superficial circumflex, 67 
iliolumbar, 61 
infra-orbital, 29 
inguinal rami of femoral, 67 
innominate, 17, 20, 21 
intercostal, 19, 40, 53 
anterior, 39 
superior, 40 
internal iliac, 61 
interosseous, 48 
intestinal, 57 
jejunal, $7 
labial, anterior, 67 
inferior, 25 
posterior, 64 
superior, 25 
lachrymal, 31, 269 
laryngeal, inferior, 40 
superior, 23 
lateral costal ramus of internal 
mammary, 39 
lingual, 22, 23 
lumbar, 19, 60 
ramus of iliolumbar, 61 
malleolar, 72, 73 
retia, 75 
mammary, internal, 37 
rami of intercostal, 54 
masseteric, 28 
mastoid rami of occipital, 25 
of posterior auricular, 26 
maxillary, external, 22, 24 
internal, 22, 27 
median, of forearm, 48 
mediastinal, anterior, 37 
rami of thoracic aorta, 53 
meningeal, 192 
anterior, 28, 32 
middle, 28 
posterior, 24, 28 
ramus of occipital, 25, 26 
of vertebral, 36 
mental, 28 
mesenteric, inferior, 19, 58 
superior, 19, 56 
metacarpal dorsal, 50 
first dorsal, 47 
volar, 51 
fourth dorsal, 50 
volar, 51 
second dorsal, 50 
volar, 51 
third dorsal, 50 
volar, 51 
volar, 50 
metatarsal, 74 
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Arteries, metatarsal dorsal, 74 Arteries of hard palate, 29 Arteries of thoracic viscera, 37 


plantar, 75 
musculophrenic, 39 
mylohyoid ramus of inferior alveo- 

lar, 27 
nasal anterior lateral, 32 

posterior external, 30 
obturator, 62 

ramus of inferior epigastric, 66 
occipital, 22, 25 
cesophageal, 52 

ramus of inferior thyreoid, 40 
of abdominal wall, 37 

upper, 53 
of anus, 64 
of arm, 33, 41, 44 

lett 20,2093 

right, 20, 21 
of auricle, 26, 297 
of back, 42, 53 
of brain, 192 

base of, 32 

posterior portion, 33, 34 
of breasts, 39, 42, 54 
of bronchi, 39, 52 
of bulb of urethra, 65 
of cerebrum, 32, 37 
of cervical region, 33 

viscera, 33 
of chin, 28 
of chorioid, 257 

plexus, 33 
of ciliary body, 257, 258 

muscle, 258 
of clitoris, 64, 65 
of cochlea, 285 
of colon, 57 
of conjunctiva, 31, 274 
of corpus cavernosum, 65 
of costal region, 39 
of diaphragm, 37, 39, 53 ° 
of dorsum of foot, 72, 75, 76 

of hand, 45, 46, 49, 5 
of duodenum, 55, 56 
of ear, 26, 27, 37, 284, 294, 295, 

207 ; 
of epiglottis, 23 
of external auditory meatus, 295 

genitalia, 61 
of eye, 31 
of eyeball, 31, 257 
of eyelids, 31, 273 
of face, 24 
of Fallopian tubes, 61, 63 
of femur, 68 
of fibula, 71 
of fifth finger, 51 
of fingers, 50, 51 
of foot, 73, 75, 76 
of forearm, 45 
of fourth finger, 51 
of genitalia, external, 61, 64 
of gluteal region, 61 
of great omentum, 55, 56 

toe 72, 76 
of gums, 29 
of hallux, 74, 76 
of hand, 45, 46, 49, 51 


of head, left half, 20, 21, 33 
right half, 20, 21 
of heart, 19, 20 
of index-finger, 47, 50, 51 
of inguinal ligament, 66 
of intestinal canal, 55 
of iris, 257, 258 
of kidneys, 55, 58 
of knee-joint, 69 
of labia majora, 64, 67 
of labyrinth, 284 
of lachrymal gland, 29, 31, 269 
of larynx, 23, 40 
of leg, 70, 72 
of lips, 25 
of liver, 55 
of lower extremities, 61, 65 
of mammary glands, 39, 42, 54, 301 
of mediastinum, 53 
of membranes of brain, 192 
of nasal septum, anterior, 32 
posterior, 30 
of neck, 20, 21, 25, 33 
of nipple, 54 
of nose, 30, 32 
of nuchal region, 33, 36 
of cesophagus, 40, 52 
of orbit, 31 
of ovaries, 59, 63 
of palatine arch, 29 
tonsil, 23, 24, 29 
of palm of hand, 45, 49, 51 
of pancreas, 55, 5 
of pelvic floor, 61 
viscera, 61 
of penis, 64, 65 
of pericardium, 37, 39, 52, 53 
of perineum, 61 
of phalanges of foot, 72, 74, 75, 76 
of hand, 50, 51 
of pharynx, 24 
of pons, 37 
of prostate, 63 
of pterygoid canal, 29 
of rectum, 58, 61, 63, 64 
of retina, 254, 257 
central, 31 
of round ligament, 66 
of sacrum, 60 
of scalp, 25, 26 
of scrotum, 64 
of semicircular canals, membranous, 
284 
of seminal vesicles, 63 
of sexual glands, 55 
of shoulder, 33, 40, 42, 43 
of soft palate, 29 
of sole of foot, 70, 75, 76 
of spinal cord, 124 
upper portion, 33, 36 
of spleen, 55, 56 
of stomach, 55, 56 
of suprarenal bodies, 55, 58, 59 
of teeth, 27, 28, 29 
of testes, 59 
of thigh, 66, 67 
of third finger, 50, 51 


wall, 33, 37, 39, 42, 53 
of thumb, 47, 50 


of thymus gland, 37 
of thyreoid, 23, 4o 
of tibia, 70, 72 
of toes, 74, 75, 76 
of tongue, 22, 23 
of trachea, 39, 40 
of true pelvis, 61 
of tympanic cavity, 294 
of upper extremity, 33 
of urethra, 63, 65 
of urinary bladder, 61, 63 
of uterus, 61, 63 
of vagina, 63 
of vestibular bulb, 65 
of vitreous body, 257 
olecranal rete, 49 
ophthalmic, 31 
ovarian, 59 
ramus of uterine, 63 
palatine, ascending, 24 
descending, 29 
greater, 29 
lesser, 29 
palpebral, 31 
medial, 32 
pancreatic rami of splenic, 56 
of superior pancreaticoduo- 
denal, 56 
pancreaticoduodenal superior, 56, 57 
parietal rami of abdominal aorta, 
54, 59 
of hypogastric, 61 
of superficial temporal artery, 27 
of thoracic aorta, 53 
patellar rete, 74 
pectoral anterior cutaneous rami 
of intercostal, 54 
rami of thoraco-acromial, 42 
penis, 64, 65 
perforating, of hand, 52 
of leg, 71 
of thigh, 68 
rami from internal mammary, 39 
pericardiac rami of thoracic aorta, 


paieacoane 30 
perineal, 64 
peroneal, 71 
pharyngeal, ascending, 22, 24 
rami of inferior laryngeal, qo 
phrenic inferior, 19, 59 
superior, 53 
plantar, 71, 72 
arch, 74, 75 
digital, of hallux, 75, 76 
fibular, of hallux, 76 
lateral, 71 
medial, 71 
metatarsal, 75 
ramus of dorsal, deep, 74 
tibial, of hallux, 76 
pontine rami of basilar, 37 
popliteal, 66, 69 
posterior ramus of obturator, 62 
tibial, 70 


Arteries, princeps pollicis, 47 
profunda, inferior, 45 
superior, 44 
proper volar digital, 50 
pterygoid rami of internal max- 
illary, 29 
pubic ramus of inferior epigastric, 66 
of obturator, 62 
pudendal external, 67 
internal, 64 
pulmonary, 17, 18. 
monary artery. 
pyloric, 56 
radial, 45, 46 
anomalies, 45 
dorsal digital, 47 
recurrent, 46 
volar digital, 47 
radialis indicis, 51 
renal, 19, 58 
retia, articular, of lower extremity, 
74 
calcaneal, 75 
malleolar, 75 
of foot, dorsal, 75 
of knee-joint, 74 
patellar, 74 
trochanteric, 74 
sacral, 60, 61 
saphenous, 69 
scapular, circumflex, 43 
dorsal, 43 
transverse, 39, 40, 43 
sciatic, 63 
scrotal, anterior, 67 
posterior, 64 
sigmoid, 58 
spermatic external, 66 
internal, 19, 59 
sphenopalatine, 30 
spinal, 124 
anterior, 36 
posterior, 36 
rami of ascending cervical, 4o 
of deep cervical, 41 
of intercostal, 53 
of lateral sacral, 62 
of vertebral, 36 
splenic, 56 
stapedial, 26 
sternal rami of internal mammary, 
Ee -paleidomastoid, 22, 2% 
ramus of superior thyreoid, 23 
stylomastoid, 26 
subclavian, 33 
anastomoses with axillary, 43 
left, 19, 20 
proximal portion, 17 
rami of, variations in origins, 19 
right, 21 
sublingual, 23 
submental, 24 
subscapular, 42, 43 
rami of axillary artery, 43 
superior thyreoid, 22 
tympanic, 28 
supra-orbital, 31 


See also Pul- 
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Arteries, suprarenal, 19 
inferior, 59 
middle, 58 
superior, 59 

suprascapular, 39, 40 
sural, 70 
tarsal, 32 73) 74 
temporal, deep, 28 
middle, 27 
superficial, 22, 26, 297 
testicular, 59 
thoracic aorta, 52. 
cic aorta. 
lateral, 42, 43 
thoraco-acromial, 42, 43 
thoracodorsal, 43 
thymic, 37 
‘thyreocervical trunk, 39 
thyreoid, inferior, 39, 40 
tibial, anterior, 71, 72 
recurrent, 73 
dorsal digital, of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar digital, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of hallux, 75, 76 
of second toe, 76 
posterior, 70 
recurrent, 73 
tracheal ramus of inferior thyreoid, 
40 
transverse facial, 26 
trochanteric rete, 74 
tubal ramus of uterine, 63 
tympanic, 294 
anterior, 27 
inferior, 24 
posterior, 26 
ulnar, 45) 47 
anomalies, 45 
dorsal digital, 47 
recurrent, 47 
volar digital, 47 
umbilical, 63 
urethral, 65 
uterine, 63 
vaginal, 63 
vertebral, 34 
vesical, 63 
vestibular, 284 
vestibulocochlear, 285 
Vidian, 29 
visceral rami of abdominal aorta, 
54, 55 : 
of hypogastric, 61, 63 
of thoracic aorta, 52 
volar arch, deep, 46, 49, 51 
superficial, 48, 49, 51 
carpal ramus of radial, 46 
of ulnar, 48 
rete, 49 
digital, common, 50 
proper, 50 
interosseous, 48 
metacarpal, 50 
ramus of radial collateral, 44 


See also Thora- 


Ss) 


Arteries, volar ramus of radial super- 
ficial, 46 
of ulnar, deep, 48 
zygomatico-orbital, 27 
Arterioles of retina, 254 
Articular arteries of knee, 69, 70 
rete, cubital, 45, 46, 49 
of knee, 74. 
of lower extremity, 74 
of upper extremity, 49 
Ascending aorta, 18, 19 
cervical artery, 39, 40 
lumbar veins, 81, 99 
palatine artery, 24 
pharyngeal artery, 22, 24 
sympathetic plexus, 241 
ramus of Sylvian fissure, 139 
of transverse cervical artery, 41 
Association fibers of cerebellum, 183 
of telencephalon, 176 
Auditory artery, internal, 37, 284 
groove, 284 
meatus, external, 294. See 
External auditory meatus. 
internal, 283. See also Internal 
auditory meatus. 
nerve, 131, 132, 169, 175, 187 
organ, 274. See also Ear. 
ossicles, 274, 287 
articulations of, 288 
development, 289, 308 
ligaments of, 288, 289 
muscles of, 289 
veins, internal, 86, 285 
vesicle, 284 
Auricle, 274, 296 
apex of, 296 
arteries of, 26, 297 
cartilage of, 296 
concha of, 296 
development, 298 
floor of, 296 
helix of, 296. See also Helix. 
integument of, external, 297 
lymphatic nodes of, 106 
lymphatics of, 297 
muscles of, 297 
nerves of, 297 
scapha of, 296 
terminal fissure of, 297 
notch of, 296 
triangular fossa of, 296 
eminence of, 297 
tubercle of, 296 
veins of, gI, 297 
Auricular artery, deep, 27 
posterior, 22, 26 
lobe, 297 
nerves, 297 
great, 214, 297 
posterior, 205 
notch, 297 
rami of mandibular nerve, 203 
of occipital artery, 26 
of posterior auricular artery, 26 
of superficial temporal artery, 26 
of vagus nerve, 208, 295, 297 
region, 303 


also 
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Auricular sulcus, 297 
sympathetic plexus, 242 
Auriculotemporal nerve, 203, 295, 297 
Axes of eyeball, 247 
of lens, 256 
optical, 247 
Axilla, hair of, 301 
Axillary artery, 33, 41 
anastomoses with subclavian, 43 
folds, 304 
fossa, sensory skin areas of, 225 
live, 304 
lymphatic nodes, 108 
plexus, 108 
nerve, 219 
region, 304 
vein, 92 
Azygos articular artery, 70 
vein, 80 
development, 77 


BACK, regions of, 302, 305 
Barba, 301 
Basal ganglion, 154 
gyri, 154 
lamina of chorioid, 251 
vein, 88 
Base of brain, 130 
arteries of, 32 
of encephalon, 128 
Basilar artery, 36 
subjacent, 36 
pontine sulcus, 37 
portion of hypothalamus, 159 
of pons, 167, 175 
sinus of dura mater, 86 
sulcus of pons, 131, 167 
Basilic vein, 94 


median, 94 
Basivertebral veins, 82 
Beard, 301 


Bechterew’s nucleus, 187 
Between-brain, 125, 155 
Big toe, 306 
Bladder, lymphatics of, 110 
nerves of, 237 
sympathetic, 246 
veins of, 100, Io1 
Blastomeres, 307 
Blind spot, 254 
Bloodless area of kidney, 59 
Body. See Human body. 
Bones, development, 307 
Bony labyrinth of ear, development, 
284 
spiral lamina of modiolus, 282 
Bowman’s membrane, 250 
Brachia conjunctiva, 160, 162, 165 
decussation of, 160 
development, 125 
of mammillary bodies, 158 
of pons, 131, 165, 167 
quadrigemina, 159, 160 
Brachial artery, 33, 44 
deep, 44 
rami of variations, 45 
cutaneous nerve, lateral, 219 
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Brachial cutaneous nerve, medial, 220 
posterior, 223 
lymphatic nodes, 108 
nervous plexus, 216 
infraclavicular, 219, 220 
supraclavicular portion, 216 
regions, 305 
veins, 93 
Brachium, 305 
Brain, 112, 124 
adult and embryonic, relations of 
portions, 125 
arachnoid of, 189 
arteries of, 192 
base of, 130 
arteries of, 32, 192 
cerebrospinal fluid of, 129 
cisterns of, 190 
commissures of, 134 
convex surface of, 128, 129 
conyolutions of, 128, 129 
cortical substance of, 129 
development, 124, 306 
divisions of, 128 
dura mater of, 188. 
mater of brain. 
embryonic and adult, relations of 
portions, 125 
fornix of, 148. See also Fornix. 
gray substance of, 129 
gyri of, 128, 129 
hemispheres of, 129 
development, 125 
in general, 128 
lobes of, 130 
lymphatics of, 192 
median section of, 133 
membranes of, 188 
nerves of, 192 
vessels of, 192 
motor path of, 178 
olfactory, 130 
bulb of, 130 
tract of, 130 
trigone of, 130 
peduncles of, development, 125 
perforated substance of, anterior, 
131 
pia mater of, 191 
nerves of, 192 
shape of, 128 
surfaces of, 128 
tracts of, 176 
veins of, 85, 88, 192 
ventricles of, 112, 133 
fourth. See Fourth ventricle. 
lateral. See Lateral ventricle. 
third, 134, 155 
chorioid tela of, 134 
vesicles of, 124 
weight of, 128 
Brain-stem, 128 
fiber-tracts of, 183 
medial longitudinal fasciculus of, 
160, 184 
Branchial arch, 308 
arteries, 17 
gut, 308 


See also Dura 


Breasts, 
glands. 
Broca’s area, 134, 145, 146 
center, 139 
Bronchi, arteries of, 39, 52 
lymphatics of, 108 
nerves of, 210 
veins of, 83 
Bronchial lymphatic nodes, 108 
rami of vagus nerve, 210 
of internal mammary artery, 39 
Bronchomediastinal lymphatic trunks, 
106 
Bruch’s membrane, 251 
Buccal mucous membrane, nerves of, 
202 
rami from parotid plexus, 207 
region, 303 
Buccinator artery, 29 
nerve, 202 
Bulb of internal jugular vein, inferior, 
85 
superior, 84 
of posterior horn, 151 
of urethra, artery of, 65 
vein of, 100 
Bulbus oculi, 247. See also Eyeball. 
Burdach’s column, 118 


300. See also Mammary 


CAcaL portion of retina, 253, 254 
Caecum, cupular, of ear, 276 
vestibular, of ear, 276 I 
Calamus scriptorius, 135, 170 
Calcaneal rami of peroneal artery, 72 
of posterior tibial artery, 72 
‘of sural nerve, 234 
of tibial nerve, 234 
region, 306 
TOvCy 5 
Calcar avis, 151 
Calcarine fissure, 145 
Capilli, 301 
Capital vein, 94 
Capitulum of malleus, 287 
Capsules of cerebrum, 153, 154 
of dentate nucleus of cerebellum, 165 
of hip-joint, nerves of, 232 
of lens, 256 
vascular, 263 
of Tenon, 265, 266 
Cardiac nerves, 241 
nervous plexus, 209 
rami, inferior, of recurrent nerve, 
210 
of vagus nerve, superior, 209 
sympathetic ganglion, 243 
veins, 78, 79, 80 
Cardinal vein, 77 
Caroticotympanic nerves, 294 
inferior, 242 
superior, 242 ; 
ramus of internal carotid artery, 
31, 204 
Carotid arteries, common, 17, 21. 
See also Common carotid artery. 
external, 17, 22. See also Exter- 
nal carotid artery. 


Carotid arteries, internal, 17, 30 
caroticotympanic ramus, 31, 


gland, 22 r 
nerves, external, 241 
internal, 240, 241 
sympathetic plexus, common, 242 
venous plexus, internal, 87 
wall of tympanic cavity, 285, 286 
Carpal rami of radial artery, 46 
of ulnar artery, 48 
retia, 49 
Carpus, 305 
Cartilage, development, 307 
Cartilaginous external auditory mea- 
tus, 294 
portion of Eustachian tube, 290 
Cauda equina, 122, 128 
Caudate nucleus of cerebrum, 150, 152 
Cavernous sinus of dura mater, 86 
sympathetic nerves of clitoris, 246 
of penis, 246 
plexus, 242 
of clitoris, 246 
of penis, 246 
Cella media, 149, 150 
Center of Vieussens, 152 
Central artery of retina, 31 
canal of spinal cord, 112, 118 
fovea of retina, 254 
gray stratum, 118, 159, 172 
Syl, 139 
lobule of cerebellum, 164 
of vermis, 166 
nervous system, 112, I14 
development, 124 
portion of lateral ventricle, 149, 150 
sulcus of cerebrum, 136, 139 
of insula, 145 
tegmental radiation, 182 
vein of retina, 87 
Centrifugal nerves, 113 
Centripetal nerves, 113 
Cephalic sympathetic nerves, 240 
peripheral rami, 241 
plexuses, 242 
vein, 93 
accessory, 94. 
median, 94 
Cerebellar artery, anterior inferior, 37 
posterior inferior, 36 
superior, 37 
cortical substance, 164 
fasciculus, direct, 116 
veins, 88 
Cerebellomedullary cistern, 190 
Cerebello-olivary fibers, 174, 183 
Cerebellospinal fasciculus, 116 
Cerebellum, 128, 132, 163 
association fibers of, 183 
biventer lobule of, 164 
cortical substance of, 164 
development, 125, 127 
emboliform nucleus of, 165 
fastigii nucleus of, 165 
fissures of. See Fissures of cere- 
bellum. 
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! Cerebellum, fossee of, rhomboidal, 
135 
flocculus of, 165 
globosus nucleus of, 165 
gray cortex of, 135 
nuclei of, 165 
substance of, 129 
gyri of, 129, 164 
hemispheres of, 129, 163, 164 
hilus of, 165 
lobules of, 164 
relations to lobules of vermis, 166 
medullary body of, 165 
laminz of, 164, 165 
substance of, fiber-tracts of, 183 
notches of, 163 
peduncles of, 165 
quadrangular lobule of, 164 
semilunar lobules of, 164 
sensory tracts of, 183 
sulci of. See Sulct of cerebellum. 
tonsil of, 165 
vallecula of, 163, 165 
vermis of, 129, 132, 163 
Cerebral aqueduct, 112, 129, 134, 159 
arcuate fibers, 176 
artery, anterior, 33 
middle, 33 
posterior, 37 
canal, 125 
development, 127 
fissure, transverse, 127, 134 
hemispheres, 135 
development, 125 
nerves, I13, 130, 
Cranial nerves. 
peduncle, 131 
rami of internal carotid artery, 32 
veins, 88 
vesicles, 124 
divisions of, 124 
Cerebropontile tracts, 181 
Cerebrospinal fasciculi, 116, 183 
fluid, 123, 129 
external, 189 
real, 189 
tract fibers, 178 
Cerebrum, 127, 128, 135 
arteries of, 32, 37 
angular gyrus of, 141 
anterior recess of, 160 
Broca’s area of, 145, 146 
capsules of, 153, 154 
central gray stratum of, 159 
commissures of, great, 146 
convex surface of, 128, 129 
convolutions of, 135, 136. 
Cerebrum, gyri of. 
fasciculi of, 132 
fissures of, 136 
calcarine, 145 
central, 136, 139 
chorioidal, 151 
collateral, 143 
frontal, 137 
lateral, 130 
rami of, 137, 139 
longitudinal, 130 


192. See also 


See also 
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Cerebrum, fissures of, parieto-occip- 
ital, 136, 139, 141, 145 
primary, 136 
Rolando’s, 136, 139 
Sylvian, 130 
rami of, 137, 139 
temporal, 143 
foramen of, interventricular, 129 
fossee of, interpeduncular, 131 
lateral, 130, 136 
cistern of, 1g0 
Sylvian, 130, 136 
frontal lobe of, 136, 137 
pole of, 133, 136, 137 
gray cortex of, 135 
substance of, 129 
gyri of, 129, 135, 136 
basal, 154 
central, 139 
cinguli, 139, 144 
frontal, 137, 139 
fusiform, 143 
hippocampus, 143 
lingualis, 143 
parietal, 139 
rectus, 137, 139 
supramarginal, 141 
hemispheres of, 129, 135, 136 
amygdaloid nuclei of, 152, 153 
caudate nuclei of, 152 
claustrum of, 152, 153 
gray ganglia of, 152 
lenticular nuclei of, 152, 153 
medial surfaces of, 143 
nuclei of, 152, 153 
poles of, 136 
semi-oval center of, 147, 152. 
See also Semt-oval center of 
cerebrum. 
surfaces of, 136 
hypophysis of, 154, 155 
insula of, 136, 145 
internal capsule of, 153, 154 
interventricular foramen of, 155 
lamina terminalis of, 154 
lobes of, 136, 137-143 
longitudinal fissure of, 127 
mamuillary bodies of, 131 
mantle of, 135 
occipital lobe of, 136, 141 
poles of, 133, 136, 141 
olfactory bulb of, 145 
strie of, 145, 146 
tract of, 145 
trigone of, 145, 146 
tubercle of, 146 
orbital gyri of, 139 
paracerttral lobule of, 133, 140, 145 
parietal lobules of, 136, 139, 141 
parolfactory area of, 145, 146 
peduncles of, 159, 160 
perforated substance of, anterior 
14 
nection I3I, 155, 160 
petrosal impression of, 136, 141 
plexuses of, chorioidal, 151, 156 
poles of, 136 
posterior recess of, 160 
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Cerebrum, pyramid of, 132 
subcallosal gyrus of, 145, 146 
sulci of. See Sulci of cerebrum. 
temporal lobe of, 136, 141 

pole of, 136, 143 
uncus of, 130 
veins of, great, cistern of, 190 
ventricles of, fourth, 129 
lateral, 129 
third, 129 

Ceruminous glands, 295, 299 

Cervical ans, 212 
artery, ascending, 39, 40 

deep, 40 

superficial, 39, 40 

tramsyerse, 41, 43 

descending, 41 

enlargement of spinal cord, 114 
lymphatic nodes, 107 
nerves, 212 

anterior, 212 

cutaneous, 214 

posterior, 212 
plexus, 214 

motor rami, 215 

sensory rami, 214 
portion of spinal cord, 114 
region, arteries of, 33 
spinal nerves, 121 
sympathetic ganglia, 239, 240, 241 

nerves, 240 

peripheral rami, 241 

plexuses, 242 
vein, deep, 84 

superficial, gt 

transverse, 92 
viscera, arteries of, 33 

Cervix, 303 

Chiasma, optic, 131, 135, 154, 155 

Chiasmatic cistern, 190 

Chin, arteries of, 28 
nerves of, 204 

Chorda dorsalis, 306 
tympani, 205 

nerve, 203, 204, 294 
tympanic aperture of canaliculus 
of, 286 

Choriocapillary lamina, 251 

Chorioid, 250 
arteries of, 32, 251, 257 
artery, 32 
glomus, 151 
optic foramen of, 251 
plexus, 151, 156, 191 

artery of, 33 
nervous, 113, 127 
veins of, 88 
tela, 192 
of fourth ventricle, 135 
of third ventricle, 134 
vein, 88 
Chorioidal fissure, 151 
lamina, 127 
epithelial, 151, 156 
of fourth ventricle, 171 
vasculosa, 251 
tenia, I51 
Chyle, 109 
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Cilia, 270, 301 
Ciliary annulus, 250 
arteries, 31, 257, 258 
anterior, 31 
posterior, 31 
body, 250, 251 
arteries of, 257, 258 
pigmented layer of, 252, 253 
corona, 251, 252 
folds, 252 
ganglion, 197 
long root of, 197 
short root of, 193 
sympathetic roots cf, 242 
ganglionic plexus, 260 
glands, 270, 299 
margin of iris, 252 
muscle, 251, 272 
arteries of, 258 
nerves of, 260 
nerves, 197, 198, 260 
portion of retina, 253, 254 
processes, 251 
veins, 87, 259 
zonule, 252, 256, 257 
development, 262 
Cingulum, 176 
Circle of Willis, arterial, 33 
Circular sinus of dura mater, 86 
sulcus, 145, 
Circulation, 17 
Circumanal glands, 299 
Circumflex femoral artery, lateral, 68 
medial, 67 
vein, lateral, 102 
medial, 102 
humeral arteries, 43 
vein, 93 
iliac artery, deep, 66 
superficial, 67 
vein, deep, ror 
superficial, 102 
nerve, 219 
scapular artery, 43 
vein, 93 
Cisterna chyli, 104 
Cisterns of brain, 190 
Clarke’s column, 120 
Claustrum, 135, 152, 153 
Clava of medulla oblongata, 169 
Clavicular region, 304 
Clitoris, arteries of, 64, 65 
lymphatics of, 111 
nerves of, 237, 238 
sympathetic, 246 
veins of, 100, 102 
Cluneal nerves, 229, 233, 238 
Coccygeal glomus, 60 
nerves, 121, 228 
nervous plexus, 229, 238 
sympathetic ganglia, 240, 244 
Coccyx, nerves of, 229, 238 
Cochlea, 281 
arterial glomeruli of, 285 
arteries of, 285 
base of, 281 
cupola of, 281 
fenestra of, 281 


Cochlea, spiral canal of, 281 
foraminous tract of, 281 
ganglion of, 187, 284 

veins of, 285 
vestibular aperture of, 2&1 
walls of, 282 
Cochlear aqueduct, vein of, 225 
area of internal auditory meatus, 283 
of modiolus, 281 
artery, proper, 285 
canaliculus, vein of, 89 
duct, 274, 276 
boundaries, 277 
development, 284 
fenestra, 285 
crest of, 286 
fossa of, 286 
nerve, 175, 187, 283, 284 
nucleus, dorsal, 175 
ramus of internal auditory artery, 
common, 284 
recess, 279 
Cochleariform process, 286 
Ceeliac artery, 19, 55 
lymphatic nodes, 109 
plexus, 110 
nervous plexus, 243 
rami of vagus nerve, 211 
sympathetic ganglia, 245 
plexus, 245 
tripod of Haller, 55 

Ceelom, 308 

Colic artery, left, 58 
middle, 57 
right, 57 

veins, 96, 98 

Collateral artery, middle, 44 
radial, 44 
ulnar, 45 

eminence of inferior horn, 152 
of lateral ventricle, 152 
fissure of cerebrum, 143 
nerve, ulnar, 224 
trigone of inferior horn, 152 
Colliculi, facial, 171 
of lamina quadrigemina, 159 
Collum of malleus, 287, 303 
Colon, arteries of, 57 
descending, nerves of, sympathetic, 
246 

Colostrum, 300 

Columns of fornix, 134, 148, 155 
covered portion, 159 

of spinal cord, anterior, 118, 120 
Burdach’s, 118 
Clarke’s, 120 
Goll’s, 118 
gray, 118 
lateral, 120 
posterior, 118, 120 

Comes nervi phrenici, 39 

Commissural fiber-tracts, 178 

Commissure, hippocampal, 148, 178 

of brain, 134, 146, 178 
of cord, 118 

of diencephalon, 155 
of habenule, 158 

of optic thalamus, 157 
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Commissure of tuber cinereum, 155 
palpebral, 269 
Common carotid arteries, 17, 21 
left, 19, 20 
right, 21 se 
sympathetic plexus, 242 
cochlear ramus of internal auditory 
artery, 284 
facial vein, 89 
iliac arteries, 19, 61 
vein, 99 
integument, 298. See also Skin. 
interosseous artery, 48 
limb of superior semicircular osseous 
canal, 280 
peroneal nerve, 233, 235 
plantar digital nerves, 234, 235 
tendinous annulus, 263 
tract of cord, 118 
volar digital arteries, 50, 51 
nerves, 221, 223, 225 
vein, 93 
Communicans poplitei, 234 
Communicating artery, anterior, 33 
posterior, 32 
ramus of peroneal artery, 71 
Concha of auricle, 296 
cavity of, 296 
cymba of, 296 
eminence of, 297 
Condyloid emissary vein, 87 
Confluens sinuum, 85 
Conjunctiva, 273 
arteries of, 31, 274 
brachia, development, 125 
lymphatics of, 273, 274 
mucous glands of, 273 
nerves of, 274 
of bulb, 273 
semilunar fold of, 272, 273 
veins of, 87, 274 
Conjunctival annulus, 250 
fornices, 273 
limbus, 273 
sac, 273 
tunics of eyeball, 273 
of eyelids, 273 
Conus medullaris, 115 
Convex surface of cerebrum, 128, 129, 
136 
Corium, 298 
retinacula of, 299 
ridges of, 298 
sulci of, 298 
Cornea, 249 
center of, 250 
development, 263 
elastic laminz of, 250 
epithelium of, 250 
nerves of, 260 
periphery of, 250 
substantia propria of, 250 
surfaces of, 250 
Corneal limbus, 250 
rima, 249 
vertex, 250 
Cornu ammonis, 151 
Cornua of lateral ventricles, 149-151 
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Corona, ciliary, 252 
radiata, 152, 176, 178 
tracts of, 178 
Coronal fibers, 176 
Coronary arteries, 19, 20 
nervous plexuses, 244 
sinus of heart, 79 
vein of stomach, 98 
Corpora candicantia, 158 
mammillaria, 155, 158 
quadrigemina, 159 
development, 125 
Corpus callosum, 133, 135, 146, 178 
body of, 147 
development, 127 
fasciola, cinerea of, 147 
forceps of, 147 
frontal portion of, 147 
genu of, 147 
occipital portion of, 147 
parietal portion of, 147 
radiation of, 147 
rostral lamina of, 147, 155 
rostrum of, 147 
splenium of, 147 
Strize of, 147 
sulci of, 143 
tapetum of, 147, 151 
temporal portion of, 147 
veins of, 88 
cavernosum, arteries of, 65 
striatum, 135, 150 
body of, 153 
head of, 150, 152 
radiation of, 182 
veins of, 88 
Cortex of cerebellum, gray, 135 
of cerebrum, gray, 135 
Corti’s organ, 277 
Cortical substance, cerebellar, 129, 164 
of lens, 256 
Corticobulbar tract, 178, 181 
Corticospinal tract-fibers, 178 
Costal ramus of internal mammary 
artery, 39 
region, 304 
arteries of, 39 
Costo-axillary vein, 82, 93 
Costocervical trunk, 34, 40 
Coxal region, 305 
Cranial nerves, 130, 192 
abducens, 131, 132, 186, 194 
accessory, 169, 187, 211 
acoustic. See Auditory nerve. 
auditory. See Auditory nerve. 
courses of, 184 
eighth, 131, 132, 187 
eleventh, 132, 169, 187, 211 
facial, 131, 132, 169, 186, 204 
internal genu of, 175 
nucleus of, 175 
roots of, 175 
fifth, 131, 132, 185, 194 
first branch, 195, 196 
second branch, 195, 198 
third branch, 195, 201 
first, 130, 184 
fourth, 131, 132, 185, 193 
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Cranial nerves, glossopharyngeal, 132, 
169, 187, 207 
hypoglossal, 131, 132, 169, 188, 
211 
intermediate, 187, 205 
motor tract of, 178, 181 
ninth, 132, 187, 207 
nuclei of, 112, 135, 184 
oculomotor, 131, 134, 184, 193 
olfactory, 130, 184 
optic. See Optic nerve. 
origins of, 184 
paths of, 184 
second. See Optic nerve. 
seventh, 131, 132, 186, 204 
sixth, 132, 186, 194 
spinal accessory, 132 
tenth. See Vagus nerve. 
third, 131, 134, 184, 193 
trigeminus, 131, 132, 185, 194 
first branch, 195, 196 
nucleus of spinal tract of, 172 
second branch, 195, 198 
spinal tract of, 172 
third branch, 195, 201 
trochlear, 131, 132, 185, 193 
twelfth, 131, 132, 169, 188, 211 
vagus. See Vagus nerve. 
Cremasteric artery, external, 66 
Cribriform macula, 279 
Cricothyreoid artery, 23 
Crista of ampulla of semicircular 
ducts of ear, 276 
Crossed pyramidal fasciculus of cord, 
116 
Crural cutaneous nerves, medial, 231 
interosseous nerve, 234 
nerve, anterior, 231 
ramus of genitofemoral nerve, 231 
regions, 306 
Crus, 306 
of fornix, 148 
Crystalline lens, 255 
axis of, 256 
capsule of, 256 
cortical substance of, 256 
development, 262, 307 
epithelium of, 256 
equator of, 256 
fibers of, 256 
nucleus of, 256 
poles of, 256 
pupillary membrane of, 263 
radii of, 256 
surfaces of, 256 
vascular capsule of, 263 
Cubital articular rete, 45, 46, 49 
fossa, 305 
nerves of, 224 
lymphatic nodes, 107, 108 
regions, 305 
vein, median, 94 
Cubitus, 305 
Culmen of monticulus, 166 
Cuneus, 133, 145 
Cupular cecum of ear, 276 
portion of tympanic cavity, 286 
Cutaneous cervical nerve, 214 
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Cutaneous rami of intercostal arteries, 
53, 54 
sebum, 300 
Cuticle, 298 
Cutis, 298. 
vera, 298 
Cuvier’s ducts, 76, 77 
Cystic artery, 56 
vein, 98 


See also Skin. 


DARWIN’S apex, 296 
tubercle, 296 
David’s lyre, 148 
Decline of monticulus, 166 
Decussation of brachia conjunctiva, 
160 
of lemniscus, 172 
of tegmenta, 160 
of trochlear nerve, 185 
pyramidal, of medulla oblongata, 
168 
Deep artery of clitoris, 64, 65 
of penis, 64, 65 
ascending cervical artery, 40 
auricular artery, 27 
brachial artery, 44 
cervical artery, 40 
lymphatic nodes, 107 
vein, 84 
circumflex iliac artery, 66 
vein, IO 
cubital lymphatic nodes, 108 
epigastric vein, 101 
facial lymphatic nodes, 107 
femoral artery, 67 
veins, 102 
fibers of pons, 175 
gyri of cerebrum, 136 
lingual artery, 23 
lymphatic vessels, 103 
peroneal nerve, 236 
petrosal nerve, 200, 242 
plantar ramus of dorsal artery of 
foot, 74 
venous arch, 103 
rami of lateral plantar nerve, 235 
of femoral vein, 102 . 
of medial circumfiex 
artery, 68 
plantar artery, 72 
of radial nerve, 223, 224 
subinguinal lymphatic nodes, rrr 
temporal arteries, 28 
nerves, 202 
veins, gi 
vein of penis, 100 
volar arch, 47, 49, 51 
ramus of ulnar artery, 48 
nerve, 223 
white stratum, 160 
Deferential artery, 63 
sympathetic plexus, 246 
Deiter’s nucleus, 175, 184 
Deltoid ramus of deep brachial artery, 
44 
of thoraco-acromial artery, 42, 43 
region, 305 


femoral 
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Deltoideopectoral trigone, 304 
Dental artery, inferior, 27 
superior, 29 
nervous plexus, inferior, 204 
superior, 199 
Dentate fascia of hippocampus, 152 
nucleus of cerebellum, 165 
Denticulate ligament, 124 
Depressor nerve, 209 
Derma, 298 
Descemet’s membrane, 250 
Descending aorta, 18 


abdominal portion, 54. See also 
Abdominal aorta. 

primitive, 17 

thoracic portion, 52. See also 


Thoracic aorta. 
colon, nerves of, sympathetic, 246 
palatine artery, 29 
ramus of hypoglossus, 212 
of occipital artery, 25 
of transverse cervical artery, 41 
of trigeminal nerve, 185 
root of trigeminus nerve, 162 
nucleus of, 159 
of vestibular nerve, 175 
Diaphragm, arteries of, 37, 39, 53 
lymphatics of, 10g 
nerves of, sympathetic, 245 
sella of dura mater of brain, 188 
veins of, 83 
Diencephalon, 125, 155 
Digastric ramus of facial nerve, 205 
Digital arteries, common volar, 50, 51 
dorsal, 50 
fibular dorsal, of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of hallux, 76 
of second toe, 76 
of third toe, 76 
lateral dorsal of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of second toe, 76 
of third toe, 76 
medial dorsal, of fifth toe, 76 
of fourth toe, 76 
of second toe, 74 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of second toe, 75, 76 
of third toe, 76 
of hallux, 74, 76 
proper volar, 50 
radial dorsal, 47, 50 
of fifth finger, 51 
of fourth finger, 51 
of index-finger, 47, 50 
of third finger, 50 


arteries, radial dorsal, of 
thumb, 47, 50 
proper volar, 47, 51 
tibial dorsal, of fifth toe, 76 
of fourth toe, 76 
of third toe, 76 
plantar, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of hallux, 76 
of second toe, 75, 76 
of third toe, 76 
ulnar dorsal, 47, 50 
of fifth finger, 48, 51 
of fourth finger, 51 
of index-finger, 50 
of third finger, 51 
of thumb, 47, 50 
volar, 47 
of fifth finger, 51 
nerves, common plantar, 234 
volar, 221, 225 
dorsal, 223 
radial, 224, 225 
ulnar, 223, 225 
fibular, 234 
fourth common plantar, 235 
volar, 223 
lateral dorsal, of fifth toe, 234 
proper, of fifth toe, 235 
medial dorsal, of hallux, 235 
proper, of hallux, 234 
proper plantar, 235 ! 
volar, 221, 225 
radia] proper volar, of fifth finger, 
223 
of fourth finger, 222 
of index-finger, 222 
of third finger, 222 
tibial dorsal, of hallux, 235 
proper, of hallux, 234 
ulnar proper volar, of fifth finger, 
22 
of foul finger, 223 
of index-finger, 222 
of third finger, 222 
of thumb, 222 
veins of foot, 93, 102 
of hand, 93 
venous arches of hand, 93 
Digits. See Fingers and Toes. 
Dilator pupille, 253 
Diploic veins, 86 
Direct cerebellar fasciculus, 116 
pyramidal fasciculus of spinal cord, 
116 
sensory cerebellar tract, 183 
Dorsal antibrachial cutaneous nerve, 
224 
artery of clitoris, 64, 65 
of foot, 73 
of nose, 32 
of penis, 64 
carpal ramus of radial artery, 46 
of ulnar artery, 48 
rete, 49 
cochlear nucleus, 175 
cutaneous nerves, 235 


Digital 
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Dorsal cutaneous rami of intercostal 
arteries, 53 
digital arteries of fifth ae 48, 51 
toe, 74, 76 
of fourth finger, 5x 
of hallux, 74, 76 
of index-finger, 47, 50 
of second toe, 74 
of third finger, 50, 51 
toe, 76 
of thumb, 47, 50 
nerves of fingers, 223, 224, 225 
of hallux, 235 
of toes, 234, 235 
veins of foot, 102 
of hand, 93 
interosseous artery, 48 
nerve, 224 
lingual arteries, 2: 
veins, 89 
metacarpal arteries, 47, 50 
veins, 93 
metatarsal arteries, 74 
veins, 102, 103 
nerve of clitoris, 237, 238 
of penis, 237, 238 
nucleus of acoustic nerve, 287 
of cord, 120 
portion of pons, 167, 175 
rami of intercostal veins, 82 
of radial collateral artery, 44 
of ulnar nerve, 222, 223 
scapular artery, 243 
nerve, 216 
venous arch of foot, 102 
vein of clitoris, 100 
of penis, roo 
Dorsalis pedis, 73 
Ductus arteriosus, 17, 18 
Botalli, 17, 18 
reuniens, 274, 276 
venosus, 99 
Duodenal rami of superior pancre- 
aticoduodenal artery, 56 
Duodenum, arteries of, 55, 56 
lymphatics of, rog, 110 
veins of, 96 
Dura mater of brain, 188 
arteries of, 28, 192 
diaphragma sella of, 188 
Meckel’s cavity of, 188 
processes of, 188, 189 
sinuses of, 188 
tentorium of, 189 
veins of, 192 
of cord, 123 
Dural sheath of optic nerve, 262 


Ear, ampulla of, bony, 279 
arteries of, 26, 27, 37, 284, 294, 
295, 207 
auricle of, 298. 
bones of, 287. 
ossicles. 
capsule, cartilaginous, 284 
cochlear duct of, 276 
development, 284 


See also Auricle. 
See also Auditory 
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Ear, cochlear fenestra of, 285 
recess of, 279 
cribriform macula of, 279 
cupular caecum of, 276 
development, 284, 307 
ductus reuniens of, 274, 276 
elliptic recess of, 279 
endolymph of, 274 
endolymphatic duct of, 274, 278 
development, 284 
sac of, 278 
external, 274, 294 
nerves of, 203 
foramen ovale of, 285 
hair of, 301 
internal, 85, 274 
labyrinth of, arteries of, 284 
development, 284 
lymphatics of, 106, 107, 294, 295, 
207 : 
membranous labyrinth of, 274 
middle, 274, 285 
development, 294 
nerves Of, 205, 207, 208, 283, 294, 
295) 207 
symipathetic, 242 
osseous labyrinth of, 278 
perilymph of, 275 
perilymphatic spaces of, 274, 285 
scalg of, 276, 282 
semicircular canals of, 
ment, 284 
membranous, 274, 275, 279 
osseous, 279, 2 
spherical recess of, 279 
spiral lamina of, membranous, 277 
ligament of, 277 
limbus of, 277 
organ of, 277 
tympanic membrane of, 291. See 
also Tympanic membrane. 
utriculosaccular duct of, 274 
veins of, g1, 285, 294, 295, 297 
vestibular caecum of, 276 
crest of, 279 
fenestra of, 279, 285 
membrane of, 277 
pyramid of, 279 
vestibule of, 278 
cavity of, 279 
Ectoblast, 307 
Ectoderm, 307 
Eighth cranial nerve, 131, 132, 187 
Elastic lamina of cornea, 250 
Elbow, 305 
Eleventh cranial nerve, 132, 169, 187, 
2u1 
Elliptic recess of ear, 279 
Emboliform nucleus of cerebellum, 165 
Embryo, development, 307 
Embryonic area of oyum, 307 
heart, primitive, 17 
Emissary veins, 87 
Encephalic arachnoid, 189 
dura mater, 188. See also Dura 
mater of brain. 
pia mater, 19 
Encephalon, 112, 


develop- 


124. Seealso Brain. 


oH) 
End-brain, 125, 135. See also Telen- 
cephalon. 
Endolymph, 274 
Endolymphatic canal, 274 
duct, 274, 278 
development, 284 
sac, 278 
Entoblast, 307 
Entoderm, 307 
Ependyma, 113 
Epidermis, 298 
development, 307 
lymphatics of, 111 
pigmentation of, 298 
Epidural cayity, 123 
Epigastric artery, inferior, 65 
superficial, 67 
superior, 39 
region, 304 
veins, 83, oI, 102 
Epiglottis, arteries of, 23 
nerves of, 209 
Epiphysis cerebri, 134, 157 
Epiploic arteries, 56 
Episcleral arteries, 31 
vein, 87 
Epithalamus, 134, 155, 157 
fiber-tracts of, 182 
Epithelial chorioidal lamina, 151, 156 
of fourth ventricle, 171 
medullary, 113 
Epithelium, corneal, 250 
development, 307 
of lens, 256 
Epitympanic recess, 286, 294 
Equator of lens, 256 
Ethmoidal arteries, 32 
nerves, 197 
veins, 87 
Eustachian tube, 274, 290 
cartilage of, 290 
cartilaginous portion, 290 
development, 294 
isthmus of, 291 
laminee of, 290, 291 
lymph nodules of, 291 
lymphatics of, 107 
mucous glands of, 291 
nerves of, 207 
osseous portion, 290 
ostium of, 290 
surfaces of, 291 
tubar pneumatic cells of, 289, 290 
tympanic aperture of, 290 
veins of, 89 
Excavation of papilla of optic nerve, 
254 
eee duct of lachrymal glands, 
268 
External arcuate nerve fibers, 172, 173, 
174, 183 
articular arteries of knee, 69, 70 
auditory meatus, 274, 294 
arteries of, 295 
cartilaginous, 294, 297 
notches of, 297 
ceruminous glands, 295, 299 
course of, 295 
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External auditory meatus, develop- | Eye, nerves of, sympathetic, 242 Facial nerve, roots of, 175 


ment of, 295 
glands of, 295 
lumen of, 295 
lymphatics of, 295 
nerves Of, 203, 295 
osseous, 294 
relations of, 295 
size of, 295 
veins of, 295 
capsule of cerebrum, 153 
carotid arteries, 17, 22 
nerves, 241 
sympathetic plexus, 242 
cerebrospinal fluid, 189 
cremasteric artery, 66 
dorsal cutaneous rami of intercostal 
arteries, 53 
ear, 274, 294 
facial artery, 22, 24 
geniculum of facial nerve, 205 
iliac artery, 65 
lymphatic plexus, 110, rrr 
vein, Ior 
integument, 298. See also Skin. 
jugular vein, 77, 91 
mammary rami of lateral thoracic 
artery, 42 
maxillary artery, 22, 24 
sympathetic plexus, 242 
medullary lamina of thalamus, 157 
nasal arteries, 30 
rami of infra-orbital, 199 
veins, go 
ocular axis, 247 
popliteal nerve, 235 
pterygoid nerve, 203 
pudendal arteries, 67 
veins, 102 
ramus of accessory nerve, 211 
of superior laryngeal nerve, 209 
saphenous nerve, 234 
spermatic artery, 66 
nerve, 231 
spinal veins, 82, 124 
tunic of eye, 249 
vertebral venous plexuses, 82 
Eye, 247 ; 
accessory organs of, 263 
angles of, 269 
anterior chamber of, 250, 255, 259 
arteries of, 31 
development, 307 
endothelium of anterior chamber of, 
250 
interfascial space of, 266 
lymph spaces of, 259 
lymphatics of, 107 
muscles of, 263 
fascia of, 265 
levator palpebrze superioris, 263, 
266 
nerves of, 193° 
oblique, 263, 265 
orbital, 267 
recti, 263, 264, 265 
nasal surface of, 249 
nerves of, 257, 260, 261 


ophthalmoscopic picture, 255 
posterior chamber of, 255, 259 
temporal surface of, 249 
veins of, 85, 87, 90 
Eyeball, 247 
arteries of, 31, 257 
axis of, 247 
coats of, 249 
contents of, 255 
development, 262 
diameter of, 247, 249 
motor apparatus of, 263 
muscles of, 263. 
muscles of. 
nerves of, 197, 257, 260, 261 
poles of, 247 
shape of, 247 
tunics of, 249 
conjunctival, 273 
veins of, 258 
Eyebrows, 270, 301 
Eyelashes, 270, 301 
Eyelids, 269 
arteries of, 31, 273 
borders of, 269, 270 
commissures of, 269 
development, 273 
framework of, 271 
ligaments of, 272 
lower, breadth of, 270 
lymphatics of, 107, 273, 274 
muscles of, 272 
nerves of, 273 
orbital portion, 270 
palpebral portion, 270 
raphe of, lateral, 272 
sebum of, 272 
surfaces of, 270 
tarsal arches of, 273 
glands of, 272, 300 
muscles of, 272 
plates of, 271, 272 
tarsus of, 271, 272 
tunics of, conjunctival, 273 
upper, breadth of, 270 
muscles of, 266, 267 
veins of, 273 


FACE, 303 
arteries of, 24 
nerves of, 167, 194 
regions of, 303 
skin of, nerves of, 203 
veins of, 89 

Facial anastomotic vein, go 
artery, external, 22, 24 

transverse, 26 


canal of internal auditory meatus, 


283 
prominence of, 286 
colliculus, 171 
lymphatic nodes, deep, 107 
nerve, 131, 132, 169, 186, 204, 294 
area of, 283 
internal genu of, 175 
nucleus of, 175 


See also Lye, 


vein, common, 89 
posterior, 90 
transverse, QI 
Fallopian tubes, arteries of, 61, 63 
lymphatics of, 111 
Falx cerebelli, 189 
cerebri, 189 
Fascia bulbi, 266 
dentate of hippocampus, 152 
superficial, of subcutaneous tela, 299 
Fasciculi, cerebrospinal, 116, 183 
cuneatus, nucleus of, 172 
' gracilis, nucleus of, 172 
Gudden’s, 182 
longitudinal, 177, 178 
medial, of brain-stem, 160, 184 
of medulla oblongata, 174 
of pons, 176, 184 
of brachial plexus, 219 
of cerebrum, 132 
of pons, longitudinal, 175 
oblique, 167 
of spinal cord, 116 
anterolateral, superficial, 116 
cerebellar, direct, 116 
cerebellospinal, 116 
cuneatus, 118 
Flechsig’s, 116 
gracilis, 118 
Helweg’s, 118 
Marchi’s, 116 
marginal anterior, 116 
oval, 118 
proprius, 116 
pyramidal, 116 
sulcomarginal, 116 
pedunculo-mammillary, 159 
retroflexus, 183 
solitary, 173 
tegmentomammillary, 182 
thalamomammillary, 159 
uncinatus, 176 
Fasciola cinerea, 147 
Fastigii nucleus of cerebellum, 165 
Fastigium, 170, 171 
Fauces, isthmus of, nerves of, 204 
Femoral artery, 66 
lateral circumflex, 68 
medial circumflex, 67 
circumflex veins, 102 
cutaneous nerve, lateral, 230 
posterior, 233 
rami of femoral nerve, anterior, 
231 
nerve, 231 
regions, 306 
sympathetic plexus, 246 
triangle, 306 
vein, IOI, 102 
Femoropopliteal vein, 103 
Femur, 305 
nutrient arteries of, inferior, 68 
Fertilized ovum, 307 
Fiber-tracts of brain, 176 
of brain-stem, 183 
of cerebellar medullary substance, 
183 


Fiber-tracts of epithalamus, 182 
of hypothalamus, 182 
of medulla oblongata, 172 
of pons, 172, 175 
of rhinencephalon, 182. 
of white substance of telencephalon, 
176 
id Pe rilaginous ring of tympanic 
membrane, 292 
Fibrous tunic of eye, 249 
development, 263 
Fibula, arteries of, 71 
Fibular dorsal digital artery of fifth 
toe, 76 
of fourth toe, 76 
of third toe, 76 
nerve of fifth toe, 234 
plantar digital arteries, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of hallux, 75, 76 
of second toe, 76 
of third toe, 76 
ramus of posterior tibial artery, 71 
Fifth cranial nerve, 131, 132, 185, 194 
first ramus, 195, 196 
second ramus, 195, 198 
third ramus, 195, 201 
finger, 305 
toe, 306 
Fila of pons, latera_, 162 
Fillet of brain-stem, 172, 183, 184 
Filum terminale, 115 
Fingers, 305 
arteries of, 50, 51 
index, 305 
little, 305 
nerves of, 221, 223, 225 
regions of, 305 
ring, 305 
veins of, 93 
First cranial nerve, 130, 184 
dorsal metacarpal artery, 47 
ramus of trigeminal nerve, 195, 196 
volar metacarpal artery, 51 
Fissures of cerebellum, transverse, 163 
of cerebrum, 136 
calcarine, 145 
central, 136, 159 
chorioidal, 151 
collateral, 143 
frontal, 137 
lateral, 130 
rami of, 137 
longitudinal, 127, 130 
parieto-occipital, 136, 139, 141, 
145 
primary, 136 
Rolando’s, 136, 139 
Sylvian, 130 
rami of, 137, 139 
temporal, 143 
transverse, 127, 134 
of occipital lobe, 141 
of parietal lobe, 139 
of rhomboidal fossa, 170 
of Rolando, 136, 139 
of spinal cord, 115, 132, 167 
III—2I1 
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Fissures of temporal lobe, 143 
Flechsig’s fasciculus, 116 
Flocculus, 132, 165 
Floor of oral cavity, nerves of, 204 
Floor-plate of cerebral canal, 127 
of spinal canal, 128 
Flumina pilorum, 301 
Foetal ocular fissure, 262 
Fold of vena cava, 77, 79 
Folium of vermis, 166 
Fontana’s spaces, 252 
Foot, 306 
arteries of, 73, 75, 76 
dorsal rete of, 74 
dorsum of, arteries of, 72, 75, 76 
nerves of, 234, 235 
veins of, 102 
muscles, nerves of, 236 
nerves of, 229, 231, 234, 235, 236 
phalanges of, 306 
arteries for, 72, 74, 75, 76 
nerves of, 235, 236 
veins of, 93, 102 
regions of, 306 
sensory skin areas of, 237 
sole of, arteries of, 70, 75, 76 
nerves of, 234 
veins of, 103 
veins of, 102 
Foramina cecum of medulla oblon- 
gata, 168 
interventricular, of cerebrum, 129, 
134, 155 
of fornix, 148 
intervertebral, 308 
of diaphragm of sella, 189 
of Magendie, 171 
of Monro, 148 
optic, of chorioid, 251 
ovale, 279, 285 
rete of, 87, gt 
singular, of internal auditory mea- 
tus, 283 
zygomatico-orbital, 198 
Forceps of corpus callosum, 147 
Forearm, arteries of, 45 
lymphatics of, 107 
nerves Of, 220, 221, 222, 224, 225 
regions of, 305 
sensory skin areas of, 225 
Forefinger, 305 
Forehead, 196, 303 
Fornix, 135, 148 
body of, 148° 
columns of, 134, 148, 155 
of covered portion, 159 
conjunctival, 273 
covered portion, 148 
crus of, 148 
foramen of, 148 
free portion, 148 
hippocampal commissure of, 148 
long, 182 
of lachrymal sac, 269 
tenia of, 151 
transverse, 178 
Fosse, axillary sensory skin areas of, 
225 
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Fosse, carotid, 304 
cubital, 305 
nerves of, 224 
hyaloid, 256 
incudal, 286 
infraclavicular, 304 
interpeduncular, 159, 160 
posterior perforated substance of, 
134 
jugular, 304 
of cerebellum, rhomboidal, 135 
of cerebrum, interpeduncular, 131 
lateral, 130, 136 
cistern of, 190 
Sylvian, 130, 136 
of cochlear fenestra, 286 
of Tarini, 159, 160 
of vestibular fenestra, 285 
popliteal, 306 
retromandibular, 303 
rhomboidal, medullary strie of, 187 
of fourth ventricle, 167, 169, 170 
supraclavicular, 303 
triangular, of auricle, 296 
eminence of, 297 
Fourth common plantar digital nerve, 
2 
volar digital nerve, 223 
cranial nerve, 131, 132, 185, 193 
digit of hand, 305 
dorsal metacarpal artery, 50 
ventricle, 129, 133, 135, 170 
lateral recess of, 132, 170 
posterior medullary velum of, r71 
rhomboidal fossa of, 167, 169, 170 
tenia of, 171 
tegmen of, 170, 171 
tela chorioidea of, 135, 171 
volar metacarpal artery, 51 
Fovea centralis, 254 
Fovez of rhomboidal fossa, 170 
Frenulum of anterior medullary vel- 
um, 160, 162 
Frons, 303 
Frontal artery, 32 
cerebropontile tract, 181 
diploic vein, 86 
lobe of cerebrum, 130, 136, 137, 139 
nerve, 196 
pole of cerebrum, 130, 133, 136, 137 
portion of corona radiata, 178 
of corpus callosum, 147 
of operculum, 139 
ramus of frontal nerve, 196 
of superficial temporal artery, 27 
region, 303 
sulci, 137 
vein, go 
Fundus of internal auditory meatus, 
28 
Funieuli of spinal cord, 115, 116, 118 
Fusiform gyrus, 143 


GALL-BLADDER, nerves of, sympa- 
thetic, 245 
veins of, 98 


Ganglion nodosum, 208 
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Gasserian ganglion, 185, 194 
Gastric arteries, 55, 56 
lymphatic nodes, 110 
nervous plexus, 208, 211 
rami of vagus, 211 
sympathetic plexuses, 245 
vein, 98 
Gastroduodenal artery, 56 
Gastro-epiploic arteries, 56 
veins, 98 
Gelatinous substance of Rolando, 113, 
120 
Geniculate bodies, 158 
ganglion, 187 
of facial nerve, 205 
Geniculum of facial nerve, external, 
205 
Genital ramus of genitofemoral nerve, 
231 
Genitalia, external, arteries of, 61, 64 
lymphatics of, 110, 111 
nerves of, 230, 238 
Genitocrural nerve, 230 
Genitofemoral nerve, 230 
Genu, 306 
inferior arteries, 70 
internal, of facial nerve, 175, 187 
media artery, 70 
of corpus callosum, 133 
of internal capsule, 154 
superior arteries, 69 
Germ layers, 307 
Gingival rami, inferior, 204 
superior, 199 
Glans penis, nerves of, 238 
Globosus nucleus of cerebellum, 165 
Globus pallidus, 153 
Glomeruli of cochlea, arterial, 285 
Glomiiorm glands, 299 
Glomus caroticum, 22 
Glossopharyngeal nerve, 132, 169, 187, 
20 
Gluteal artery, inferior, 63 
superior, 62 
nerves, 232 
region, 305 
arteries of, 61 
nerves of, 229, 233 
veins, 100 
Goll’s column, 118 
Gowers’ tract, 116 
Gratiolet’s optic radiation, 182 
Gray columns of spinal cord, 118 
commissures of spinal cord, 118 
cortex of cerebellum, 135 
of cerebrum, 135 
ganglia of cerebral hemispheres, 152 
nervous substance, 112 
nuclei of cerebellum, 165 
portion of hypothalamus, 159 


rami communicantes of sympa- 
thetic trunk, 239 
reticular substance of medulla 


oblongata, 174 
stratum, central, 59, 72 

of superior colliculus, 160 
substance of brain, 129 

of cord, central, 112, 118 
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Great auricular nerve, 214 ‘ 
posterior ramus, 214, 297 
aortic sinus, 19, 80 
cardiac vein, 79 
cerebral vein, 88 
cistern of, 190 
occipital nerve, 212 
omentum, arteries of, 55, 56 
toe, arteries of, 72, 76 
nerves of, 235, 230 
Greater arterial circle of iris, 258 
circulation, 17 
palatine artery, 29 
splanchnic nerve, 243 
superficial petrosal nerve, 200 
Gudden’s commissure, 155 
tegmental fasciculus, 182 
Gums, arteries of, 29 
nerves of, 199, 204 
Gustatory organ, 298 
development, 307 
Gut, bronchial, 308 
Gyri, basal, 154 
cinguli, 144 
fornicatus, 144 
hippocampus, 143 
lingualis, 143 
of cerebellum, 129, 164 
of cerebrum, 129, 135, 136. 
Cerebrum, gyri of. 
of insula, 145 
of occipital lobe, 141 
of parietal lobe, 139 
of rhinencephalon, 145, 146 
of temporal lobe, 143 
rectus, 137, 139 


See also 


HABENULA, 134, 155, 158 
commissure of, 158 
Habenular ganglion, 158 
trigone, 158 
Hemorrhoidal arteries, inferior, 64 
middle, 63 
superior, 58 
nerves, inferior, 238 
middle, 237 
superior, 246 
sympathetic plexuses, 246 
veins, 98, I00, 1or 
venous plexus, 100 
Hair, 301 
body, 301 
development, 307 
follicle, 301 
lanugo, 301 
of axilla, 301 
of beard, 301 
of ear, 301 
of head, 301 
of nostrils, 301 
of tragus, 301 
papilla, 301 
pubic, 301 
root of, 301 
sexual difference, 302 
shaft, 301 
wool, 301 


Haller’s celiac tripod, 55 
Hallux, 306 
arteries of, 74, 75, 76 
nerves of, 234, 235 
Hamulus of spiral lamina of modiolus, 
282 
Hand, arteries of, 49 
dorsum of, arteries of, 45, 46, 49, 50 
nerves of, 223 
veins of, 93 
muscles, nerves of, 225 
nerves of, 220, 221, 223 
palm of, arteries of, 45, 49, 51 
nerves of, 221 
veins of, 93 
phalanges of, 305 
arteries of, 47, 50, 51 
nerves of, 221, 223, 224, 225 
veins of, 93 
regions of, 305 
sensory skin areas of, 225 
veins of, 93 
Hard palate, arteries of, 29 
nerves of, 201 
Hasner’s fold, 269 
Head, arteries of, 20, 21, 33 
lymphatics of, 106 
nerves of, 194, 205 
sympathetic, 241, 242 
of caudate nucleus of lateral yen- 
tricle, 150 
of corpus striatum, 150 
of posterior column of cord, 120 ' 
process of primitive streak, 307 
regions of, 302, 303 
veins of, 82, 84 
Heart, arteries of, 19, 20 
coronary sinus of, 79 
embryonic, primitive, 17 
lymphatics of, 106, 109 
nerves of, 210 
sympathetic, 241, 243 
yeins of, 78, 79 
Helicis major muscle, 297 
minor muscle, 297 
Helicotrema, 276, 282, 283 
Helix, 296 
cauda of, 296 
spine of, 296 
sulcus of, 297 
Helweg’s bundle, 118 
Hemi-azygos vein, 80 
accessory, 84 
development, 77 
Hemispheres, cerebral, 129, 136. See 
also Cerebrum, hemispheres of. 
of cerebellum, 163, 164. See also 
Cerebellum, hemispheres oj. 
Hensen’s duct, 274, 276 
Hepatic artery, 55 
proper, 55 
lymphatic nodes, 110 
rami of vagus nerve, 211 
sympathetic plexus, 245 
veins, 96 
Hilus of cerebellum, 165 
of olivary nucleus, 173 
Hind-brain, 125, 163 


Hip, nerves of, 230 
Hip-joint, capsule of, nerves of, 232 
Hip-muscles, nerves of, 236 
Hippocampal commissure, 148, 178 
fimbria, 151 ES 
gyrus, 151 
Hippocampus, 151 
dental fascia of, 152 
Hirci, 301 
Horizontal ramus of Sylvian fissure, 
anterior, 137 
sulcus of cerebellum, 164 
Horns of cord, 118, 120 
posterior, bulb of, r5r 
Human body, development, early, 306 
primary foundation of, 307 
regions of, 302 
structure of, 306 
Humeral artery, circumflex anterior, 
43 
vein, circumflex, 93 
Hyaloid artery, 257 
canal, 257, 259 
fossa, 256 
membrane of vitreous body, 256 
Hyoid bone, development, 308 
ramus of lingual artery, 23 
of superior thyreoid artery, 23 
region, 303 
Hypochondriac region, 304 
Hypoglossal canal, rete of, $7, 212 
nerve, I3I, 132, 169, 188, 211 
vena comitans of, 89 
trigone, 170, 188 
Hypogastric artery, 61 
deviations in, 65 
lymphatic nodes, r1ro 
plexus, 110 
region, 304, 305 
sympathetic plexus, 246 
vein, 100 
Hypophysis cerebri, 131, 135, 155 
Hypothalamic nucleus, 159 
sulcus, 133, 155, 157 
Hypothalamus, 133 
basilar portion of, 159 
development, 125 
fiber-tracts of, 182 
gray portion of, 159 
mamumillary portion of, 158 
optic portion of, 135, 154 
tegmented portion of, 159 
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Iliac vein, deep circumflex, rox 
external, Ior 
internal, Ioo 
superficial circumflex, 102 
Tliohypogastric nerve, 230 
lio-inguinal nerve, 230 
Tliolumbar artery, 261 
vein, 100 
Incudal fold, 293 
fossa, 286 
Incudomalleolar articulation, 288 
Incudostapedial articulation, 288 
Incus, 287, 288, 289 
development, 289, 308 
Index-finger, 305 
arteries of,-47, 50, 51 
nerves of, 222 
Indirect sensory cerebellar tract, 183 
Inferior alveolar artery, 27 
nerve, 204. 
vein, gr 
ampullary nerve, 284 
brachium quadrigeminum, 160 
bulb of internal jugular vein, 85 
cardiac nerve, 241 
rami of recurrent nerve, 210 
caroticotympanic nerve, 242 
cerebellar arteries, 37 
vein, 88 
cerebral veins, 88 
cervical sympathetic ganglion, 240, 
241 
cluneal nerves, 233 
colliculus, 159 
nucleus of, 160 
commissure of tubar cinereum, 155 
conjunctival fornix, 273 
cornu of lateral ventricle, 149, 151 
cribriform macula, 279 
deep cervical lymphatic nodes, 107 
dental artery, 27 
neryous plexus, 204 
rami, 204 
epigastric artery, 65 
vein, Ior 
external articular artery of knee, 70 
foyea of rhomboidal fossa, 170 
frontal gyri, 137 
sulci, 137 
gastric lymphatic nodes, rro 
gingival rami, 204 
gluteal artery, 63 
nerve, 232 
vein, 100 
hemorrhoidal arteries, 64 
nerves, 238 
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Inferior macular arteriole, 254 


medial cluneal nerve, 238 
mesenteric artery, 19, 58 
sympathetic plexus, 246 
vein, 98 
nasal arteriole of retina, 254 
rami of sphenopalatine ganglion, 
posterior, 200 
oblique muscle of eye, 265 
ophthalmic vein, 87 
palpebral rami of infra-orbital, 199 
of infratrochlear, 197 
veins, 90 
pancreaticoduodenal artery, 57 
parietal lobule, i4r 
pectoral lymphatic nodes, 108 
petrosal sinus of dura mater, 86 
phrenic arteries, 19, 59 
veins, 99 
portion of rhomboidal fossa, 169, 
170 
profunda artery, 45 
rami of cutaneous cervical nerve, 215 
of oculomotor nerve, 193 
rectus muscle of eye, 264 
sagittal sinus of dura mater, 85 
semilunar lobule of cerebellum, 164 
suprarenal arteries, 59 
surface of cerebral hemispheres, 
136, 139 
tarsal arches of eyelids, 273 
artery, 32 
muscles of eyelids, 272 
temporal arteriole of retina, 254 
gyrus, 143 
sulcus, 143 
thyreoid artery, 39, 40 
sympathetic plexus, 242 
veins, 83 
tympanic artery, 24, 294 
ulnar collateral artery, 45 
vena Cava, 79, 95 
development, 77, 78 
vermis, 165 
vesical artery, 63 
nerves, 237 
vestibular area of internal auditory 
meatus, 283 


Infraclavicular fossa, 304 


region, 304 


Inframammary region, 304 
Inframaxillary 


recurrent nerve of 


Arnold, 201 


Infra-orbital artery, 29 


nerve, 198 
region, 303 
ramus of 


ILEAL arteries, 57 \ 
lleocolic artery, 58 
veins, 96 


Iliac arteries, common, 19, 61 
deep circumflex, 66 
external, 65 
internal, 61 
superficial circumflex, 67 

lymphatic nodes, rrr 
plexus, 110, 111 

ramus of iliolumbar artery, 61 

sympathetic plexuses, 246 

vein, 96 
common, 99 


veins, I00, IOI 
internal articular artery of knee, 70 
labial artery, 25 
nervous rami, 204 
vein, go 
lachrymal gland, 268, 269 
papilla, 268 
punctum, 268, 269 
laryngeal artery, 4o 
nerve, 210 
longitudinal fasciculus, 178 
sinus of dura mater, 85 


Infrapatellar saphenous 

nerve, 231 
Infrascapular region, 305 
Infratrochlear nerve, 197 
Infundibular recess, 133, 155, 156 
Infundibulum, 131, 133, 135, 154, 155 
Inguinal ligament, arteries of, 66 

lymphatic nodes, 111 

plexus, 111 

rami of femoral artery, 67 

regions, lateral, 305 
Innominate artery, 20, 21 
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Innominate veins, 82, 83 
development, 77 
Insula of cerebrum, 136, 145 
sulci of, 145 


Integument, external, 298. See also 
Skin. 
Intercapitular veins of foot, 103 
of hand, 93 


Intercavernous sinuses of dura mater, 
86 
Intercostal arteries, 19, 40, 53 
anterior, 39 
superior, 40 
lymphatic nodes, 109 
nerves, 226 
veins, 81 
anterior, 83 
supreme, 83 
Intercostobrachial anastomosis of 
medial brachial cutaneous nerve, 
220 
nerves, 228 
Interfascial space of eye, 266 
Interlobular veins, 96 
Intermediate dorsal cutaneous nerve, 
235 
lymphatic nodes, 108 
mass of thalamus, 134, 157 
nerves, 187, 205 
olfactory stria, 145, 146 
portion of rhomboidal fossa, 170 
sulci of cerebrum, 150 
of spinal cord, 115, 169 
Internal arcuate nerve fibers, 172 
articular arteries of knee, 69, 70 
auditory artery, 37, 284 
meatus, 283 
cochlear area of, 283 
facial canal of, 283 
fundus of, 283 
singular foramen of, 283 
transverse crest of, 283 
vestibular areas of, 283 
veins, 86, 285 
capsule of cerebrum, 153, 154 
carotid artery, 17, 22, 30 
caroticotympanic ramus, 31, 
204 
nerve, 240, 241 
sympathetic plexus, 242 
venous plexus, 87 
cerebral veins, 88 
cutaneous nerves, 220, 231 
dorsal cutaneous rami of intercostal 
arteries, 53 
ear, 274 
genu of facial nerve, 175, 187 
iliac artery, 61 
vein, 100 
jugular vein, 77, 84 
mammary artery, 37 
sympathetic plexus, 242 
vein, 83 
maxillary artery, 22, 27 
sympathetic plexus, 242 
nasal nervous rami, 197, 199 
ocular axis, 247 
pterygoid nerve, 203 
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Internal pudendal artery, 64 
vein, 100 
ramus of accessory nerve, 211 
of spinal accessory nerve, 208 
of superior laryngeal nerve, 209 
spermatic arteries, 19, 59 
sympathetic plexus, 245 
veins, 99 
spinal veins, 82, 124 
tunic of eye, 253. See also Retina. 
vertebral venous plexuses, 82 
Interolivary stratum of lemniscus, 174 
Interosseous arteries, 48 
nerve, antibrachial, 221 
crural, 234 
dorsal, 224 
posterior, 224 
volar, 221 
recurrent artery, 48 
Interparietal sulcus, 140, 141 
Interpeduncular cistern, 190 
fossa, 131, I59, 160 
posterior perforated substance of, 
134 
ganglion, 162 
Interscapular region, 305 
Intervaginal spaces of optic nerve, 262 
Interventricular foramen of cerebrum, 
129, 155 
of fornix, 148 
of thalamus, 134 
Intervertebral foramen, 308 
veins, 82 
Intestines, arteries of, 55, 57 
lymphatics of, 106, 109 
nerves of, sympathetic, 245 
veins of, 96, 98 
Intratragic notch, 296 
Tris, 250, 252 
angle of, 252, 255 
spaces of, 252 
arterial circles of, 258 
arteries of, 257, 258 
ciliary margin of, 252 
color of, 253 
folds of, 253 
musculature of, 253 
nerves of, 260 
pectinate ligament of, 252 
pigmentation of, 253 
pigmented layer of, 253, 255 
portion of retina, 254 
pupillary margin of, 252 
size of, 253 
stroma of, 253: 
surfaces of, 252, 253 
zones of, 252 
Island of Reil, 136, 145 
Isthmus of aorta, 20 
of Eustachian tube, 291 
of fauces, nerves of, 204 
of gyrus fornicatus, 144 
of tragus, 296 


Jacosson’s plexus, 207 
Jejunal arteries, 57 
vein, 96 


Jugular fossa, 304 
ganglion, 208 
lymphatic plexus, 107 

trunk, 106 
nerve, 208, 241 
vein, anterior, 92 
external, 77, gI 
internal, 77, 84 
primitive, 77 
venous arch, 92 
wall of tympanic cavity, 285, 287 


KIDNEYS, arteries of, 55, 58 
bloodless area of, 59 
lymphatics of, 111 
nerves of, 211 

sympathetic, 245 
veins of, 99 

Knee, 306 
regions of, 306 

Knee-joint, arteries of, 69 
veins of, 103 


LasiA, lymphatics of, 111 
majora, arteries of, 64, 67 
nerves of, 230, 238 
veins of, 102 
Labial arteries, anterior, 67 
inferior, 25 
posterior, 64 
superior, 25 
nerves, anterior, 230 
posterior, 238 
nervous rami, inferior, 204 
superior, 199 
regions, 303 
veins, go 
posterior, 100 
Labyrinth, 274 
development, 284, 307 
membranous, 274 
arteries of, 284 
development, 284 
osseous, 274, 278 
development, 284 
veins of, 285 
vesicle, 284 
wall of tympanic cavity, 285 
Lac, 300 
Lacertus of lateral rectus, 264 
Lachrymal apparatus, 267 
size of portions of, 269 
artery, 31, 269 
canals, 267, 268 
caruncle, 273 
ducts, 267, 268, 269 
ampulla of, 268, 269 
fold, 269 
glands, 267, 268 
arteries of, 29, 31, 269 
excretory duct of, 268 
lymphatics of, 269 
nerves of, 269 
size of, 269 
lake, 267, 272 
nerve, 196, 269 


Lachrymal papille, 268 
puncta, 268, 269 
rivus, 270, 273 
sac, 267, 269 
fornix of, 269 c 
vein, 87 
Lacrime, 267 
Lactiferous ducts, 300 
sinus, 300 
Lacus lacrimalis, 267, 272 
Lamine, affixa, 150 
basal, of chorioid, 251 
choriocapillary, 251 
chorioidal epithelial, of fourth ven- 
tricle, 171 
cribrosa, of sclera, 249 
epithelial medullary, 113 
fusca, of sclera, 249 
of cerebellum, medullary, 164, 165 
of ear, spiral, 277 
of Eustachian tube, cartilaginous, 
290 
membranous, 291 
of modiolus, 282, 283 
spiral, hamulus of, 282 
of optic thalamus, medullary, 157 
of septum pellucidum, 134, 149 
of tragus, 297 
quadrigemina, 159 
suprachorioidal, 251 
terminalis, 135, 154, 155 
of corpus callosum, 133 
vasculosa, of chorioid, 251 
Lanugo hairs, 301 
Laryngeal artery, inferior, 40 - 
superior, 23 
nerves, 209, 210 
region, 303 
veins, superior, 89 
Laryngopharyngeal sympathetic rami, 
241 
Larynx, arteries of, 23, 40 
lymphatics of, 107 
nerves of, 209, 210 
sympathetic, 241 
veins of, 83, 89 
Lateral accessory olivary nucleus, 173 
angle of eye, 269 
anterior malleolar artery, 73 
antibrachial cutaneous nerve, 220 
aperture of fourth ventricle, 132, 170 
brachial cutaneous nerve, 219 
calcaneal rami of peroneal artery, 72 
of sural nerve, 234 
cartilaginous lamina of Eustachian 
tube, 290 
cerebral fossa, cistern of, 190 
cerebrospinal fasciculus, 116 
circumflex femoral artery, 68 
cluneal nerves, 233 
column of cord, 120 
costal ramus of interna: mammary 
artery, 39 
cutaneous nerve of dorsum of foot, 
234 
ae of iliohypogastric nerve, 230 
of intercostal arteries, 54 
nerves, 228 
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Lateral cutaneous rami of thoracic 
nerves, 226 
dorsal digital artery of fifth toe, 74, 
6 


of fourth toe, 76 
of hallux, 74 
of third toe, 76 
nerve of fifth toe, 234 
fasciculus of brachial plexus, 219 
femoral circumflex vein, 102 
cutaneous nerve, 230 
fila of pons, 162 
fissure of cerebrum, 130 
rami of, 137, 139 
fossa of cerebrum, 130 
funiculus of spinal cord, 115, 116 
geniculate body, 158 
genu arteries, 69, 70 
horn of cord, 120 
lemniscus, 162, 176, 187 
ligament of auditory ossicles, 289 
longitudinal strize of corpus callo- 
sum, 147 
malleolar artery, posterior, 72 
rete, 75 
mesencephalic sulcus, 160 
nasal artery, anterior, 32 
nervous rami, 197 
rami of sphenopalatine ganglion, 
nervous, posterior superior, 200 
olfactory stria, 145, 146, 182 
palpebral commissure, 269 
raphe, 272 
plantar artery, 71, 72 
digital arteries, 75, 76 
of fifth toe, 72, 76 
of fourth toe, 76 
of hallux, 75, 76 
of second toe, 76 
of third toe, 76 
nerve of fifth toe, proper, 235 
plantar nerve, 235 
veins, 103 
plates of mesoderm, 307, 308 
recess of fourth ventricle, 170 
of rhomboidal fossa, 170 
rectus muscle of eye, 264 
sacral arteries, 62 
veins, 100 
semicircular 
276 
osseous, 281 
prominence of, 286 
sinus of dura mater, 85 
sphenoidal nerves, 202 
sulci of spinal cord, 115 : 
of: medulla oblongata, anterior, 
169 
sural cutaneous nerve, 235 
tarsal artery, 73 
thoracic artery, 42, 43 
vein, 93 
ventricles, 129, 149, 152 
caudate nucleus of, head of, 150 
central portion of, 149, 150 
chorioid glomus of, 151 
tenia of, 151 
collateral eminence of, 152 


canal, membranous, 
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Lateral ventricles, collateral trigone 
of, 152 
cornua of, 149-151 
corpus striatum of, 150 
lamina affixa of, 151 
terminal stria of, 150 
vestibular nerve, nucleus of, 184 
vestibulospinal tract, 118 
Least splanchnic nerye, 243 
Left atrium of heart, oblique vein of, 


79 
bronchial arteries, 52 
bronchomediastinal 
trunk, 106 
colic artery, 58 
vein, 98 
common carotid artery, 19, 20 
coronary artery, 19 
gastric artery, 55 
gastro-epiploic artery, 56 
vein, 98 
inferior phrenic artery, 59 
innominate vein, 83 
internal spermatic artery, 59 
jugular lymphatic trunk, 106 
lumbar arteries, 60 
lymphatic trunk, 106 
lumbar, 104 
subclavian, 106 
middle suprarenal artery, 58 
pulmonary vein, 78 
renal artery, 58 
subclavian artery, 19, 20 
ventricle, posterior vein of, 79 
Leg, 306 
arteries of, 70, 72 
development, 308 
lymphatics of, 110, 111 
muscles, nerves of, 236 
nerves of, 229, 231, 232, 235, 236 
sympathetic, 246 
regions of, 305 
sensory skin areas of, 237 
veins of, ror 
Lemniscus, 162, 172, 173, 183, 184 
acoustic, 176 
decussation of, 172 
interolivary stratum of, 174 
lateral, 176, 187 
medial, 173, 176 
of pons, 176 
trigone of, 162, 163 
Lens, crystalline, 255. 
talline lens. 
Lesser arterial circle of iris, 258 
circulation, 17 
veins of, 78 
internal cutaneous nerve, 220 
occipital nerve, 214 
palatine arteries, 29 
splanchnic nerve, 243 
superficial petrosal nerve, 201, 207 
Levator palpebre superioris, 263, 266 
Ligament, denticulate, 124 
of vena cava, 77, 79 
Ligamentum arteriosum, 18 
Limen insule, 145, 146 
Limiting sulci of cerebral canal, 127 


lymphatic 


See also Crys- 
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Limiting sulci of rhomboidal fossa, 170 
Lines of trunk, 304 
Lingual artery, 22, 23 
lymphatic nodes, 107 
plexus, 242 
nerve, 203, 204 
communicating rami, 204 
rami of glossopharyngeal nerve, 208 
of hypoglossus, 212 
of lingual nerve, 204 
vein, 89 
Lingula of vermis, 166 
vinculum of, 164 
Lips, arteries of, 25 
nerves of, 199, 204 
veins of, go 
Little finger, 305 
toe, 306 
Liver, arteries of, 55 
lymphatics of, 106, 109 
nerves of, 211, 215 
sympathetic, 245 
veins of, 96 
Lobes of cerebrum, 130, 136, 137-143 
frontal, 130, 136, 137 
occipital, 130, 136, 141 
parietal, 130, 136, 139 
temporal, 130, 136, 141 
of hypophysis cerebri, 155 
Lobus biventer, 164 
Locus ceruleus, 171 
Long ciliary nerves, 197, 198, 260 
fornix, 182 
posterior ciliary arteries, 31, 257, 258 
saphenous vein, 102 
subscapular nerve, 219 
thoracic artery, 42, 43 
nerve, 210 
Longitudinal fasciculi, 177, 178 
of brain-stem, 160, 184 
of medulla oblongata, 174 
of pons, 175, 176, 184 
fissure of cerebrum, 127, 130 
sinuses of dura mater, 85 
strie of corpus callosum, 147, 182 
vertebral sinuses, 82 
Lower extremities, arteries of, 61, 65 
articular retia of, 74 
development, 308 
lymphatics of, r10, 111 
motor nerves of, 236 
nerves of, 229, 232 
regions of, 305 
sensory nerves of, 236, 237 
veins of, ror 
Lowest lumbar arteries, 60 
Lumbar arteries, 19, 60 
lymphatic plexus, rro, rz 
trunk, 104, 110, 111 
nerves, 121, 228 
nervous plexus, 229 
region, 305 
sympathetic ganglia, 240, 244 
veins, 99 
ascending, 81 
Lumbo-inguinal nerve, 231 
Lumbosacral nerve trunk, 229 
nervous plexus, 228, 229 
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Lungs, lymphatics of, 106, 108 
nerves of, 210 
roots of, 18 
veins of, 78 
Lunula, 302 
Lymph capillaries, 103 
spaces of eye, 259 
Lymphatic duct, 106 
nodes, 104, 106 
anorectal, 110 
auricular, 106 
axillary, 108 
brachial, 108 
bronchial, 108 
cervical, 107 
coeliac, 109 
conjunctival, 273 
cubital, 107, 108 
facial, deep, 107 
gastric, 110 
hepatic, 110 
hypogastric, 110 
iliac, 111 
inguinal, rrx 
intercostal, ro9g 
intermediate, 108 
lingual, 107 
lumbar, 111 
‘mediastinal, 109 
mesenteric, 109 
mesocolic, 10g 
occipital, 106 
of abdomen, 10g 
of Eustachian tube, 291 
of false pelvis, 111 
of head, 106 
of lower extremity, 110, 111 
of neck, 106 
of pelvis, rro 
of Rosenmiiller, 111 
of thorax, 108 
of true pelvis, 110 
of upper extremity, 107 
pancreaticosplenic, 110 
parotid, 107 
pectoral, 108 
popliteal, 11x 
pulmonary, 108 
sacral, 110 
sternal, 10g 
subclavicular, 108 
subinguinal, 111 
submaxillary, 107 
submental, 107 
subscapular, 108 
tibial anterior, 111 
tracheal, 108 
plexuses, 104, 106 
abdominal, 10g 
aortic, 110 
axillary, 108 
coeliac, 110 
hypogastric, 110 
iliac, 110, 111 
inguinal, 111 
jugular, 107 
lumbar, r10, 111 
mammary, 109 


Lymphatic plexuses of false pelvis, 111 

of head, 106 
of lower extremity, 110 
of neck, 106 
of pelvis, 110, 111 
of thorax, 108 
of upper extremity, 107 
sacral, I10 

stems, large, 104 

trunks, 104, 106 
bronchomediastinal, 106 
intestinal, 106 
jugular, 106 
lumbar, 104, 110, 11t 
subclavian, 106, 109 

Lymphatics, 103 

development, 307 

of abdominal viscera, 106 
wall, 108, 111 

of arm, 107, 108 

of auricle, 297 

of bladder, 110 

of brain, 192 

of bronchi, 108 

of clitoris, 111 

of conjunctiva, 274 

of diaphragm, 109 

of duodenum, 109, 110 

of ear, 106, 107, 294, 295, 297 

of epididymis, r11z 

of Eustachian tube, 107 

of external auditory meatus, 295 

of eye, 107 

of eyelids, 107, 273, 274 

of Fallopian tubes, r11 

of forearm, 107 

of genitalia, 110, 111 

of head, 106 

of heart, 106, 109 

of intestines, 106, 109 

of kidney, 111 

of labia, 111 

of lachrymal glands, 269 

of larynx, 107 

of leg, 110, 111 

of liver, 106, 109 

of lungs, 106, 108 

of mammary gland, 108, 109 301 

of membranes of brain, 192 

of mesentery, 109 

of mons pubis, 111 

of nape ot neck, 108 

of neck, 106 

of nose, 107 

of cesophagus, 106 

of ovaries, 111 

of palate, 107 

of pancreas, 109, 110 

of parotid gland, 107 

of pelvis, 110 

of penis, 111 

of pericardium, 109 

of perineum, 110 

of pharynx, 107 

of prostate, 110 

of rectum, 110 

of scrotum, 111 

of seminal vesicles, 110 


a 


Lymphatics of shoulder, 108 
of sigmoid colon, 111 
of spermatic cord, 111 
of spleen, 110 
of stomach, 109, 110 
of suprarenals, 111 
of testes, 111 
of thigh, 110, 111 
of thoracic wall, 109 
of thorax, 106, 108 
of thymus gland, 10g 
of thyreoid gland, 107 
of tongue, 107 
of trachea, 107, 108 
of tympanic cavity, 294 
of upper extremity, 106 
of uterus, I10, I1I 
of vagina, 110 
thoracic duct, 104 


Macvta acustica of sacculus, 276 
of utriculus, 275 
cribriform, 279 
lutea, 253 
Macular arterioles, 254 
Magendie’s foramen, 171 
Major cavernous sympathetic nerve 
of clitoris, 246 
of penis, 246 
forceps of corpus callosum, 147 
Malleolar arteries, 72, 73 
folds, 293 
prominence, 292 
regions, 306 
retia, 75 
stria, 292 
Malleus, 287 
articulations of, 288 
capitulum of, 287 
collum of, 287 
development, 289, 308 
head of, 287 
ligaments of, 289 
manubrium of, 287 
muscles of, 289 
neck of, 287 
processes of, 287 
Mall’s glands, 299 
Mamma virilis, 301 
Mammary areola, 300 
artery, internal, 37 
glands, 300 
accessory, 301 
arteries of, 39, 42, 54, 301 
bodies of, 300 
lactiferous ducts of, 300 
lobes of, 300 
lymphatics of, 108, 109, 301 
milk of, 300 
nerves of, 228 
sympathetic, 242 
nipples of, 300 
skin of, nerves of, 301 
veins of, 83, 93, 301 
lobes, 300 
lymphatic plexus, 10g 
nerves, 228 
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Mammary papilla, 300 
nerves of, 301 
region, 304 
sympathetic plexus, internal, 242 
vein, 83 
Mammillary bodies, 131 
brachia of, 158 
nuclei of, 158 
line, 304 
portion of hypothalamus, 158 
venous plexus, 93, 301 
Mandibular articular veins, 91 
nerve, 195, 201 
posterior sensory portion, 203 
ramus, marginal, from parotid 
plexus, 206 
Mantle of cerebrum, 135 
Manubrium of malleus, 287 
Manus, 305 
Marchi’s bundle of cord, 116 
Marginal bundle of cord, 116 
Marshall’s vein, 79 
Masseteric artery, 28 
nerve, 202 
vein, 99, 91 
Mastication, muscles of, nerves of, 195 
Masticator nerves, 202 
Mastoid antrum, 286 
cells, 286 
emissary vein, 87 
ramus of occipital artery,25 
of posterior auricular artery, 26 
region, 303 
wall of tympanic cavity, 285, 286 
Matrix of nail, 302 
Maxillary artery, external, 22, 24 
internal, 22, 27 
nerve, 195, 198 
sympathetic plexuses, 242 
Meckel’s cavity, 188, 194 
Medial accessory olivary nucleus, 173 
angle of eye, 269 
anterior malleolar artery, 73 
antibrachial cutaneous nerve, 220 
aperture of tegmen, 171 
arterioles of retina, 254 
brachial cutaneous nerve, 220 
circumflex femoral artery, 67 
cluneal nerve, inferior, 238 
crural cutaneous nerves, 231 
dorsal cutaneous nerve, 235 
digital artery of fifth toe, 76 
of fourth toe, 76 
of hallux, 74, 76 
of second toe, 74 
of third toe, 76 
nerve of hallux, 235 
femoral circumflex vein, 102 
geniculate body, 158 
genu arteries, 69, 70 
lemniscus, 162, 173, 176, 184 
lines of trunk, 304 
longitudinal fasciculus of brain- 
stem, 160, 184 
of medulla oblongata, 174 
of pons, 176, 184 
striz of corpus callosum, 147, 182 
malleolar rete, 75 
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Medial mammary rami of intercostal 
arteries, 54 
nasal nerves, anterior, 197 
olfactory stria, 145, 146 
palpebral artery, 32 
commissure, 269 
ligament, 272 
plantar artery, 71, 72 
digital arteries, 75, 76 
of fifth toe, 76 
of fourth toe, 76 
of hallux, 76 
of second toe, 75, 76 
of third toe 76 
nerve, 234 
veins, 103 
posterior malleolar artery, 72 
proper digital nerve of hallux, 234 
rectus muscle of eye, 264 
sphenoidal nerves, 202 
sural cutaneous nerve, 234 
tarsal arteries, 74 
Median antibrachial vein, 94 
artery of forearm, 48 
basilic vein, 94 
cephalic vein, 94 
cubital vein, 94. 
fissure of cord, anterior, 115, 132, 
167 
rhomboidal fossa, 170 
nerve, 220, 221 
sulcus of spinal cord, 115, 169 
vein of neck, 92 
Mediastinal arteries, 37, 53 
rami of thoracic aorta, 53 
veins, anterior, 83 
Medulla oblongata, 114, 131, 132, 135, 
167 
acoustic area of, 175 
arcuate fibers of, 172, 173, 174 
clava of, 169 
development, 125 
fiber-tracts of, 172 
foramen cecum of, 168 
medullary striz of, 175 
nuclei of, 172 
obex of, 169 
olive of, 169 
pyramidal decussation of, 168 
pyramids of, 168, 172, 174 
raphe of, 173 
reticular substance of, 174 
veins of, 88 
Medullary body of cerebellum, 165 
of vermis, 167 
canal, 124 
development, 307 
embryonic, 306 
cavity, embryonic, 124 
lamina, epitheliai, 113 
of cerebellum, 164, 165 
of thalamus, 157 
masses, 146 
plate, 124 
striae of medulla oblongata, 175 
of rhomboidal fossa, 170, 187 
of thalamus, 158 
substance of cerebellum, 183 
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Medullary substance of vermis, 135 
velum, anterior, 135, 162 
development, 125 
frenulum of, 160, 162 
posterior, 165, 171 
Meibomian glands, 272, 300 
Meningeal arteries, 192 
anterior, 28, 32 
middle, 28 
posterior, 24, 28 
nerve, 198 
ramus of occipital artery, 25, 26 
of vagus nerve, 208 
of vertebral artery, 36 
sympathetic plexus, 242 
veins, 89, 91, 192 
Meninges, spinal, 123. See : 
Spinal meninges. 
Mental artery, 28 
nerve, 204 
region, 303 
Mesencephalic ramus of trigeminal 
nerve, 185 
sulcus, lateral, 160 
Mesencephalon, 124, 159 
Mesenchyme, 307 
Mesenteric arteries, inferior, 19, 58 
superior, 19, 56 
ganglion, superior, 245 
lymphatics, 109 
sympathetic plexuses, 245, 246 
vein, 96, 98 
Mesoblast, 307 
Mesocolic lymphatic nodes, 109 
Mesoderm, 307 
Mesodermic somites, 307, 308 
Mesogastric region, 304 
Metacarpal arteries, dorsal, 47, 50 
volar, 51 
veins, 93 
Metacarpus, 305 
Metatarsal arteries, dorsal, 74, 103 
plantar, 75 
veins, dorsal, 102 
plantar, 103 
Metatarsus, 306 
Metathalamus, 158 
Metencephalon, 125, 163 
Meynert’s bundle, 183 
commissure, 155 
Mid-brain, 159 
flexure, 125 
Middle cardiac nerve, 241 
cardiac vein, 79 
cerebral artery, 33 
veins, 88 
colic artery, 57 
vein, 96 
collateral artery, 44 
cutaneous nerve, 231 
ear, 274, 285 
development, 294 
hemorrhoidal artery, 63 
nerves, 237 
sympathetic plexus, 246 
vein, 101 
meningeal artery, 28 
veins, gt 


also 
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Middle palatine nerve, 201 
sacral artery, 60 
vein, 100 
superior alveolar nerve, 199 
supraclavicular nerves, 215 
suprarenal arteries, 58 
temporal artery, 27 
vein, 9I 
tunic of eye, 250 
Milk, human, 300 
Minor cavernous sympathetic nerve 
of clitoris, 246 
of penis, 246 
forceps of corpus callosum, 147 
Mixed nerves, 113 
Modiolus, 281 
base of, 281 
cochlear area of, 281 
lamina of, 282, 283 
longitudinal canals of, 282 
spiral canal of, 282 
veins of, spiral, 285 
Monakow’s tract, 118 
Mons pubis, 305 
lymphatics of, 111 
nerves of, 230 
Montgomery’s glands, 300 
Monticulus of vermis, 166 
Muscles, development, 307 
Musculocutaneous nerve of arm, 220 
of leg, 235 
Musculophrenic ‘artery, 39 
vein, 83 
Musculospiral nerve, 223 
Myelencephalon, 125, 167 
Myenteric nervous plexus, 211 
sympathetic plexus, 245 
Mylohyoid nerve, 204 
ramus of inferior alveolar artery, 27 
Myotomes, 307 


NAILs, 302 
bodies of, 302 
development, 307 
lunula of, 302 
margins of, 302 
matrices of, 302 
roots of, 302 
walls of}; 302 
Nasal arterioles of retina, 254 
artery, anterior lateral, 32 
posterior external, 30 
cavity, nerves of, 200 
nerves, 197, 199 
nervous rami, 197, 199 
rami of sphenopalatine ganglion, 
200 
region, 303 
septum, anterior artery of, 32 
posterior artery of, 30 
surface of eye, 249 
veins, 90 ; 
Nasociliary nerve, 197 
Nasofrontal vein, 87, go 
Nasolachrymal duct, 267, 269 
Nasopalatine nerve, 200 
Neck, arteries of, 20, 21, 25, 33 


Neck flexure of cerebral canal, 125 
lymphatics of, 106, 108 
nerves of, 212 : 
of posterior column of cord, 120 
regions of, 302, 303 
true, 303 
veins of, 82, 84, gi 
subcutaneous, 91 
superficial, 91 
Nerves, abducens, 131, 132, 186, 194 
nucleus of, 175 
accessory, 169, 187, 211 
acoustic, 131, 132, 167, 169, 175, 
187, 283. See also Auditory nerve. 
alveolar, inferior, 204 
superior, 199 
ampullary, 284 
anococcygeal, 229, 238 
antibrachial cutaneous, dorsal, 224 
lateral, 220 
medial, 220 
radial, 220 
interosseous, 221 
auditory, 131, 132, 167, 169, 175, 
187, 283. See also Auditory nerve. 
auricular, 297 
great, 214 
posterior, 205 
auriculotemporal, 203, 295, 297 
axillary, 219 
brachial cutaneous, lateral, 219 
medial, 220 
buccinator, 202 
cardiac, 241 
caroticotympanic, 294 
inferior, 242 
superior, 242 
carotid, 240, 241 
cavernous, of clitoris, 246 
of penis, 246 
centrifugal, 113 
centripetal, 113 
cerebral, 113, 130, 192. 
Cranial nerves. 
cervical, 213. See also Cervical 
nerves. 
chorda tympani, 203, 204, 294 
ciliary 197, 198, 260 
ganglion, 197 
long, 197 
short, 198 
circumflex, 219 
cluneal, 229, 233 
inferior medial, 238 
coccygeal, 121, 228 
cochlear, 175, 187, 283, 284 
communicans poplitei, 234 
cranial, 130. See -also Cranial 
nerves. 
crural, anterior, 231 
cutaneous, medial, 231 
interosseous, 234 
dental plexus, inferior, 204 
depressor, 209 
digital. See Digital nerves. 
dorsal cutaneous, 235 
of clitoris, 237, 238 
of penis, 237, 238 


See also 
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Nerves, ¢ighth cranial, 187 


eleventh cranial, 187, 211 
ethmoidal, 197 
facial, 131, 132, 167, 169, 186, 204, 
204 a 
area of, 283 
internal genu of, 175 
nucleus of, 175 
roots of, 175 
femoral, 231 
cutaneous, lateral, 230 
posterior, 233 
fifth cranial, 185, 194 
first ramus, 195, 196 
second ramus, 195, 198 
third ramus, 195, 201 
first cranial, 184 
fourth cranial, 185, 193 
frontal, 196 
genitocrural, 230 
genitofemoral, 230 
glossopharyngeal, 132, 169, 187, 
207 
gluteal, 232 
hemorrhoidal, inferior, 238 
middle, 237 
superior, 246 
hypoglossal, 132, 188, 211 
trigone of, 188 
iliohypogastric, 230 
ilio-inguinal, 230 
inframaxillary recurrent, Arnold’s, 
201 
infra-orbital, 198 
infratrochlear, 197 
intercostal, 226 
intercostobrachial, 228 
intermediate, 187, 205 
intermedius, 132 
internal cutaneous, 220, 231 
interosseous, crural, 234 
dorsal, 224 
posterior, 224 
volar, 221 
jugular, 208, 241 
labial, anterior, 230 
posterior, 238 
lachrymal, 196, 269 
laryngeal, 209, 210 
lateral cutaneous, of dorsum of 
foot, 234 
plantar, 235 
lingual, 203, 204 
communicating rami, 204 
lumbar, 228 
lumbo-inguinal, 231 
lumbosacral trunk, 229 
mammary, 228 
mandibular, 195, 201 
posterior sensory portion, 203 
masseteric, 202 


_Masticator, 202 


maxillary, 195, 198 
median, 220, 221 
meningeal, 198 
mental, 204 

middle cutaneous, 231 
mixed, 113 
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Nerves, musculocutaneous, of arm, 220 


of leg, 235 
musculospiral, 223 


mylohyoid, 204 
nasal, 197, 199 
nasociliary, 197 
nasopalatine, 200 
obturator, 232 
occipital, great, 212 
lesser, 214 
third, 212 
oculomotor, 131, 134, 184, 193 
nucleus of, 159 
sulcus of, 160 
of abdomen, 211 
of abdominal wall, 229 
of anus, 238 
of arm, 219, 220, 223 
muscles, 225 
of auricle, 297 
of back, 226 
of bladder, 237 
sympathetic, 246 
of breast, 228 
sympathetic, 242 
of bronchi, 210 . 
of buccal mucous membrane, 202 
of capsule of hip-joint, 232 
of chin, 204 
of ciliary muscle, 260 
of clitoris, 237, 238 
sympathetic, 246 
of coccyx, 229, 238 
of conjunctiva, 274 
of cornea, 260 
of cubital fossa, 224 
of descending colon, sympathetic, 
246 
of diaphragm, sympathetic, 245 
of dorsum of foot, 234, 235 
of hand, 223 
of ear, 203, 205, 207, 208, 283, 294, 
295, 207 
sympathetic, 242 
of epiglottis, 209 
of Eustachian tube, 207 
of eye, 257, 260, 261 
muscles, 193 
sympathetic, 242 
of eyeball, 197, 257, 260, 261 
of eyelids, 273 
of face, 194 
of fingers, 221, 223, 225 
of floor of oral cavity, 204 
of foot, 229, 231, 234, 235, 236 
muscles, 236 
of forearm 220, 221, 222, 224 
muscles, 225 
of forehead, 196 
of gall-bladder, sympathetic, 245 
of genitalia, 230, 238 
of glans penis, 238 
of gluteal region, 229, 233 
of great toe, 235, 236 
of gums, 199, 204 
of hand, 220, 221, 223 
muscles, 225 
of hard palate, 201 
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Nerves of head, 194, 205 


sympathetic, 241, 242 

of heart, 210 
sympathetic, 241, 243 

of heel, 234, 235 

of hips, 230 
muscles, 236 

of index-finger, 222 

of iris, 260 

of isthmus of fauces, 204 

of kidneys, 211 
sympathetic, 245 

of labia majora, 230, 238 

of lachrymal glands, 269 

of larynx, 209, 210 
sympathetic, 241 

of leg, 229, 231, 232, 235, 236 
muscles, 236 
sympathetic, 246 

of liver, 211, 215 
sympathetic, 245 

of lower extremity, 229, 232 
lip, 204 

of lung, 210 

of mammary gland, 228 

sympathetic, 242 

papilla, 301 

of membranes of brain, 192 

of mons pubis, 230 

of muscles of mastication, 195 

of nasal cavity, 200 

of neck, 212 

of nipple, 301 

of nose, 197, 199 

of oesophagus, 210, 211 

of orbit, 200 

of ovaries, sympathetic, 245 

of palate, 201, 202 

of palm of hand, 221 

of pancreas, sympathetic, 245 

of parotid gland, 203, 205 

of penis, 230, 237, 238 
sympathetic, 246 

of pericardium, 215 

of perineum, 238 

of phalanges of foot, 234, 235 
of hand, 221, 223, 225 

of pharynx, 209 
sympathetic, 241 

of pia mater of brain, 192 

of prostate, sympathetic, 246 

of pterygoid canal, 199 

of rectum, 237 
sympathetic, 246 

of retina, 254 

of scrotum, 230, 231, 238 
sympathetic, 245 

of shoulder, 219 
muscles, 225 

of skin of face, 203 

of sole of foot, 234 

of spermatic cord, 231 

of sphenoidal sinus, 200 

of spleen, 211 
sympathetic, 245 

of stapedius muscle, 289 

of stomach, 211 
sympathetic, 245 


Boe 


Nerves of sublingual glands, 204 
of submaxillary gland, 204 
of suprarenals, sympathetic, 245 
of teeth, 199, 200, 204 
of tensor tympani, 289 
of thigh, 230, 235 
muscles, 236 
sympathetic, 246 
of thorax, 216, 228 
sympathetic, 242 
of thumb, 222 
of thyreoid, sympathetic, 242 
of toes, 234, 235 
of tongue, 203, 204, 208, 211 
sympathetic, 242 
of tonsils, 208 
of trachea, 210 
of tympanic cavity, 294 
membrane, 203 
of upper lip, 199 
of vagina, 237 
of vestibule of vagina, 238 
of Wrisberg, 187, 205 
olfactory, 130, 184 
optic, 131, 184, 254, 261. See also 
Optic nerve. 
otic ganglion, 201 
palatine, 201 
papillomacular bundle, 262 
perineal, 238 
peripheral, 113 
peroneal, common, 233, 235 
deep, 236 
superficial, 235 
petrosal, 200, 201 
deep, 242 
lesser superficial, 207 
phrenic, 215 
plantar, medial, 234 
plexuses. See Plexuses. 
popliteal, external, 235 
pterygoid, 203 
pudendal, 237 
radial, 220, 223, 224 
sacral, 228 
saphenous, 231 
external, 234 
short, 234 
scapular, dorsal, 216 
Scarpa’s, 200 
sciatic, 233 
scrotal, 230 
second cranial, 184, 261. See also 
Optic nerve. 
seventh cranial, 186, 204 
sixth cranial, 186, 194 
spermatic external, 231 
sphenoidal, 202 
sphenopalatine, 198, 199 
spinal, 113, 121, 212. See also 
Spinal nerves. 
accessory, 132 
internal ramus, 208 
spinous, 201 
splanchnic, 243 
subclavian, 219 
sublingual, 204 
submaxillary ganglion, 203 
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Nerves, suboccipital, 212 
subscapular, 219 
supraclavicular, 215 
supra-orbital, 196 
suprascapular, 219 
supratrochlear, 196 
sural, 234, 235 

cutaneous, 234, 235 
sympathetic, 239. See also Sympa- 
thetic nerves. 
temporal, 202 
tenth cranial, 187, 207, 208. See 
also Vagus nerve. 
tentorial, 196 
terminations of, 113 
third cranial, 184, 193 
thoracic, 226. See also Thoracic 
nerves. 
thoraco-dorsal, 219 
tibial, 233, 236 
to tensor tympani, 202 
veli palatini, 202 
trigeminus, 132, 167, 185, 194 
descending root of, 162 
nucleus of, 159 
first ramus, 195, 196 
second ramus, 195, 198 
spinal tract of, 172 
third ramus, 195, 201 
trochlear, 131, 132, 185, 193 
nucleus of, 159 
twelfth cranial, 188, 211 
tympanic, 207, 285, 294 
ulnar, 220, 222 
collateral, 224 
utricular, 284 
vaginal, 237 
vagus, 132, 169, 187, 207, 208. See 
also Vagus nerve. 
vesical, inferior, 237 
vestibular, 175, 187, 283 
lateral, nucleus of, 184 
nuclei of, 175, 187 
Vidian, 199 
volar interosseous, 221 
zygomatic, 198 
Nervous system, 112 
central, 112, 114 
development, 124 
development, 124, 307 : 
peripheral, 112, 113, 192 
sympathetic, 113, 238 

Nervus intermedius, 132 

Neural canal, embryonic, 306 
cavity, embryonic, 306 

Neurology, special, 114 

Nidus avis, 165 

Ninth cranial nerve, 132, 187, 207 

Nipple, 300 
arteries of, 54 
nerves of, 301 

Nodosal plexus, 208 

Nodule of vermis, 166 

Nose, arteries of, 30, 32 
dorsal artery of, 32 
lymphatics of, 107 
nerves of, 197, 199 

Nostrils, hair of, 301 


Nucha, 303 
Nuchal fovea, 303 
region, 303 
Nuclei, acoustic, ventral, 187 
ambiguus, 174 
arcuate, 174 
Bechterew’s, 187 
cochlear, dorsal, 175 
Deiter’s, 175, 184 
hypothalamic, 159 
lenticular, 135 
of abducens nerve, 175 
of acoustic nerve, 187 
of ala cinerea, 173, 187 
of cerebellum, 165 
dentate, 165 
emboliform, 165 
fastigii, 165 
globosus, 165 
of cerebral hemispheres, 152, 153 
nerves, 112, 135 
of cord, dorsal, 120 
of cranial nerves, 184 
of facial nerve, 175 
of fasciculus cuneatus, 172 
of fasciculus gracilis, 172 
of geniculate bodies, 158 
of inferior colliculus, 160 
of lateral lemniscus, 176 
vestibular nerve, 184 
of lens, 256 
of Luys, 159 
of mammillary bodies, 158 
of medial longitudinal fasciculus, 
159, 184 
of medulla oblongata, 172 
of oculomotor nerve, 159 
of optic thalamus, 157 
of pons, 172, 175 
of tegmentum, 160 
of trapezoid body, 176 
of trochlear nerve, 159 
of vestibular nerve, 175 
olivary, 173, 176 


OBEX, 169, 170 
Oblique fasciculus of pons, 167 
muscles of eyeball, 263, 265 
vein of left atrium of heart, 79 
Obliquus auricule muscle, 297 
Obturator artery, 62 
membrane of stapes, 289 
nerve, 232 
ramus of inferior epigastric artery, 
66 
vein, 100 
Occipital artery, 22, 25 
diploic vein, 87 
emissary vein, 87 
gyri, 141 
lobe of cerebrum, 130, 136, 141 
lymphatic nodes, 106 
nerve, great, 212 
lesser, 214 
third, 212 
poles of cerebrum, 133, 136, 141 
portion of corona radiata, 178 


Occipital portion of corpus callosum, 
147 
rami of occipital artery, 26 
of posterior auricular artery, 26 
nerve, 205 
region, 303 
sinus of dura mater, 86 
sulcus, transverse, 141 
sympathetic plexus, 242 
veins, gi 
Occipitotemporal cerebropontile tract, 
181, 182 
Occiput, 303 
Ocular fissure, foetal, 262 
Oculomotor nerve, 131, 134, 184, 193 
nucleus of, 159 
sulcus of, 160 
(Esophageal chords, 211 
nervous plexuses, 211 
rami of inferior thyreoid artery, 40 
of recurrent nerve, 210 
(Esophagus, arteries of, 40, 52 
lymphatics of, 106 
nerves of, 210, 211 
veins of, 83, 98 
Olecranal region, 305 
rete, 49 
Olfactory brain, 130 
bulb, 130, 145 
gyrus, lateral, 146 
lobe, 145 
nerve, 130, 184 
organ, 298 
development, 307 
region, 298 
strie, 145, 146, 182 
sulcus, 139 
tract, 130, 145 
trigone, 130, 145, 146 
tubercle, 146 
Olivary nuclei, 173, 176 
accessory, 173 
Olive of medulla oblongata, 132, 169, 
I 
Oo ntuia, great, arteries of, 56 
veins of, 98 
Omoclavicular trigone, 303 
Operculum, 139 
Ophthalmic artery, 131 
calyculus, 262 
plexus, 242 
veins, 87 
vesicles, 262 
Optic axis, 247 
chiasma, 131, 135, 154, 155 
foramen of chorioid, 251 
nerve, 131, 184, 254, 261 
coats of, 262 
development, 262 
intervaginal spaces of, 262 
papilla of, 254, 262 
excavation of, 254 
sheaths of, 262 
supravaginal space of, 262 
portion of hypothalamus, 133, 135, 
154 
of retina, 253 
radiation, Gratiolet’s, 182 
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Optic recess, 133, 154, 156 
thalamus, 156 
commissure of, 157 
intermediate mass of, 134, 157 
interventricular foramen of, 134 
medullary lamine of, 157 
strie of, 158 
nuclei of, 157 
tubercles of, 157 
veins of, 88 
tracts, 131, 154, 158 
vesicle, primary, 125 
Ora serrata of retina, 253 
Oral cavity, floor of, nerves of, 204 
region, 303 
Orbiculus ciliaris, 251 
Orbit, adipose body of, 247 
arteries of, 31 
muscles of, 263, 267. 
muscles of. 
nerves of, 200 
periosteal layer of, 267 
veins of, 87, go 
Orbital portion of frontal lobe, 139 
rami of sphenopalatine ganglion, 
200 
region, 303 
septum, 267 
Orbitopalpebral sulcus, 270 
Organ of Corti, 277. ~ 
Osseous external auditory meatus, 294 
labyrinth, 274, 278 
portion of Eustachian tube, 290 
semicircular canals, 279-281 
Ossicles, auditory, 274, 287. See 
also Auditory ossicles. 
Ostium of Eustachian tube, 290 
Otic ganglion, 201 
sympathetic root of, 242 
Otoconia, 275 
Otoliths, 275 
Oval fasciculus of cord, 118 
Ovarian artery, 59 
ramus of internal artery, 63 
vein, 99 
Ovaries, arteries of, 59, 63 
lymphatics of, rrr 
nerves of, sympathetic, 245 
veins of, 99 
Ovum, fertilized, 307 


See also Eye, 


PACCHIONIAN bodies, 190 
Palate, arteries of, 29 
lymphatics of, 107 
nerves of, 201, 202 
veins of, 89 
velum of, nerves of, 201, 202 
Palatine arch, arteries of, 29 
artery, ascending, 24 
descending, 29 
greater, 29 
lesser, 29 
nerves, 201 
tonsil, arteries of, 23, 24, 29 
vein, 90 
Pallium, 135 
angle of, 136 


oto 


Palm of hand, arteries of, 45, 49, 51 
nerves of, 221 
veins of, 93 
Palmar cutaneous rami of ulnar nerve, 
222 
ramus of median nerve, 221 
Palpebre, 269. See also Eyelids. 
Palpebral arteries, 31, 32 
commissures, 269 
ligament, medial, 272 
limbi, 270 
rami of infra-orbital, 199 
of infratrochlear, 197 
raphe, lateral, 272 
regions, 303 
rima, 269 
sebum, 272 
veins, go 
Pampiniform plexus, 99 
Pancreas, arteries of, 55, 56 
lymphatics of, 109, 110 
nerves of, sympathetic, 245 
veins of, 96 
Pancreatic rami of splenic artery, 56 
of superior pancreaticoduodenal 


artery, 56 
Pancreaticoduodenal arteries, 56, 57 
vein, 196 
Pancreaticosplenic lymphatic nodes, 


IIo 
Panniculus adiposus, 299 
Paracentral lobule, 133, 140, 145 
Parasternal line, 304 
Para-umbilical veins, 99 
Parietal emissary vein, 87 
lobe, 130, 136, 139, 141 
portion of corona radiata, 178 
of corpus callosum, 147 
of operculum,. 139 
rami of abdominal aorta, 54, 59 
of hypogastric artery, 61 
vein, 100 
of inferior vena cava, 99 
of superficial temporal artery, 27 
of thoracic aorta, 53 
region, 303 
Parieto-occipital fissure, 136, 139, 141, 
145 
Parolfactory area, 134, 145, 1460 
sulci, 146 
Parotid gland, lymphatics of, 107 
nerves of, 203, 205 
veins of, go, 91 
plexus, 205 
rami of mandibular nerve, 203 
of superficial temporal artery, 26 
Parotideomasseteric region, 303 
Pars ceca retina, 253 
Patellar region, 306 
rete, 74 
Pectinate ligament, 252 
Pectoral cutaneous rami of intercostal 
nerves, 54, 228 
lymphatic nodes, 108 
rami of thoraco-acromial artery, 42 
region, 304 
Peduncles, cerebellar, 165 
cerebral, 131 
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Peduncles, cerebral, base of, 160 
development, 125 
of flocculus, 165 
thalamic, 182 
Peduncular ansa, 182 
Pedunculomammillary fasciculus, 159 
Pelvic floor, arteries of, 61 
viscera, arteries of, 61 
Pelvis, arteries of, 61 
lymphatics of, r10, 111 
nerves of, 244 
Penis, arteries of, 64, 65 
lymphatics of, 111 
nerves of, 230, 237, 238 
sympathetic, 246 
veins of, 100, 102 
Perforated substance of cerebrum, 
anterior, 131, 145 
posterior, 131, 155, 160 
of interpeduncular fossa, 134 
Perforating arteries of hand, 52 
of leg, 71 
of thigh, 68 
rami from internal mammary artery, 
39 
vein, 83 
veins of lower extremity, 102 
Pericardiac rami of phrenic nerve, 215 
of thoracic aorta, 53 
vein, 83 
Pericardiacophrenic artery, 39 
Pericardium, arteries of, 37, 39, 52, 53 
lymphatics of, 109 
nerves of, 215 
veins of, 83 
vestigial fold of, 79 
Perichorioidal space, 251, 259 
Perilymphatic spaces of ear, 274, 275, 
285 
Perineal artery, 64 
nerve, 238 
rami of small sciatic nerve, 233 
region, 305 
Perineum, arteries of, 61 
lymphatics of, r10 
nerves of, 238 
Periorbita, 267 
Peripheral nerves, 113 
nervous plexuses, 113 
system, 112, 113, 192 
rami of cephalic sympathetic nerves, 
241 
of cervical sympathetic nerves, 241 
Peroneal anastomotic nervous ramus, 
235 
artery, 71 
nerve, 233, 235 
deep, 236 
superficial, 235 
Pes, 306 
Petrosal ganglion of glossopharyngeus, 
207 
impression of cerebrum, 136, 141 
nerves, 200, 201 
deep, 242 
lesser superficial, 207 
rami of middle meningeal artery, 28 
sinuses of dura mater, 86 
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Petrotympanic ligament, 289 
Phalanges of foot, 306 
arteries of, 72, 74, 75, 76 
nerves of, 234, 235 
regions of, 306 
veins of, 102 
of hand, 305 
arteries of, 50, 51 
nerves of, 221, 223, 225 
regions of, 305 
veins of, 93 
Pharyngeal artery, ascending, 22, 24 
nervous plexus, 209 
plexus, 89 
pockets, 308 
rami of glossopharyngeus, 207 
of inferior laryngeal artery, 40 
of vagus nerve, 209 
sympathetic plexus, ascending, 241 
veins, 89 
Pharynx, arteries of, 24 
lymphatics of, 107 
nerves of, 209 
sympathetic, 241 
veins of, 83, 89 
Phrenic arteries, inferior, 19, 59 
superior, 53 
nerve, 215 
sympathetic plexus, 245 
veins, inferior, 99 
superior, 83 
Phrenico-abdominal rami of cervical 
plexus, 215 
Physiological excavation of retina, 254 
Pia mater of brain, 191, 192 
blood vessels of, 192 
of cord, 123, 124 
Pial sheath of optic nerve, - 262 
Pigmented stratum of ciliary body, 
252, 253 
of iris, 253, 255 
of retina, 253 
Pineal body, 134, 155, 157 
veins of, 88 
recess, 134, 156, 158 
Pinguecula, 274 
Pinna, 296. See also Auricle. 
Plantar arch, 74, 75 
arteries, 71, 72 
digital arteries, 72, 75, 76 
nerves, common, 234, 235 
veins, 103 
metatarsal arteries, 75 
veins, 103 
rami, deep, of dorsal artery of foot, 
74 
venous arch, deep, 103 
rete, 103 
Plexuses, lymphatic, 104, 106. See 
also Lymphatic plexuses. 
nervous, brachial, 216. See also 
Brachial nervous plexus. 
cardiac, 209 
cervical, 214. 
plexus. 
chorioidal, 113, 127, 151, 156, 191 
coccygeal, 229, 238 
coronary, 244 


See also Cervical 


Plexuses, nervous, dental, 204 
superior, 199 
gastric, 208, 211 
Jacobson’s, 207 
lumbar, 229 
lumbosacral, 228, 229 
myenterig, 211 
nodosal, 208 
cesophageal, 211 
peripheral, 113 
pharyngeal, 209 
pudendal, 229, 237 
pulmonary, 208, 210 
sacral, 229, 232 
tympanic, 207, 294 
anastomotic rami to, 205 
sympathetic. See Sympathetic 
plexuses. 
venous hemorrhoidal, too 
mammillary, 93, 301 
of skull, 87 
pampiniform, 99 
pharyngeal, 89 
pterygoid, 91 
thyreoid, unpaired, 83 
uterovaginal, ror 
vertebral, 82 
vesical, 101 
Pneumatic cells of tympanic cavity, 
28 
tubar, of Eustachian tube, 
290 
Pollex, 305 
Pons, 131, 135, 167 
arteries of, 37 
basilar portion of, 167, 175 
sulcus of, 131 
brachia of, 131, 165 
development, 125 
dorsal portion of, 167, 175 
fiber-tracts of, 172, 175 
flexure of cerebral canal, 125 
lateral fila of, 162 
lemniscus of, 176 
longitudinal fasciculi of, 175 
medial, 176, 184 
nuclei of, 172, 175 
oblique fasciculi of, 167 
sulci of, basilar, 167 
tegmentum of, 175 
trapezoid body of, 176 
veins of, 88 
Pontine rami of basilar artery, 27 
Popliteal artery, 66, 69 
fossa, 306 
lymphatic nodes, 111 
nerve, external, 235 
sympathetic plexus, 246 
vein, 103 
Pores of skin, 299 
Portal vein, 96 
Portio major of trigeminal nerve, 185, 
194 
ainoret trigeminal nerve, 185, 194 
Posterior ampullary nerve, 284 
auricular arteries, 22, 26, 297 
lymphatic nodes, 106 
nerve, 205 
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Posterior auricular sulcus, 297 
sympathetic plexus, 242 
veins, gI 
brachial cutaneous nerve, 223 
ramus of vagus nerve, 210 
central gyrus, 139 
cerebral artery, 37 
chamber of eye, 255, 259 
ciliary arteries, 31, 257 
vein, 87, 259 
circumflex humeral artery, 143 
column of cord, 118, 120 
communicating artery, 32 
conjunctival veins, 87 
coronary nervous plexus, 244 
cutaneous rami . of intercostal 
arteries, 54 
deep temporal artery, 28 
nerves, 202 
descending ramus of right coronary 
artery, 20 
ethmoidal artery, 32 
nerve, 197 
vein, 87 
external nasal arteries, 30 
spinal veins, 82, 124 
facial vein, 90 
fasciculus of brachial plexus, 219 | 
femoral cutaneous nerve, 233 
forceps of corpus callosum, 147 
funiculus of spinal cord, 115, 118 
gastric nervous plexus, 211 
gray commissure of cord, 118 
horn of cord, 118, 120 
bulb of, 151 
inferior cerebellar artery, 36 
nasal rami of sphenopalatine 
ganglion, 200 
intercavernous sinus, 86 
intermediate septum of spinal pia 
mater, 124 
sulcus of cord, 115, 169 
interosseous nerve, 224 
labial arteries, 64 
nerves, 238 
veins, 100 
lateral malleolar artery, 72 
sulcus of spinal cord, 115 
ligament of auditory ossicles, 289 
lobe of hypophysis cerebri, 155 
malleolar artery, medial, 72 
fold, 293 
median fissure of rhomboidal fossa, 
170 
line of trunk, 304 
sulcus of cord, 115, 169 
mediastinal lymphatic nodes, rog 
medullary velum, 165, 171 
meningeal artery, 24, 28 
cesophageal chords, 211 
plexus, 211 
palatine nerve, 201 
palpebral limbus, 270 
parolfactory sulci, 134, 146 
parotid vein, gt 
perforated substance of cerebrum, 
131, 155, 160 
of interpeduncular fossa, 134 
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Posterior pole of eyeball, 247 
of lens, 256 
pulmonary nervous plexus, 210 
rami of cervical nerves, 212 
of coccygeal nerves, 229 
of great auricular nerve, 214, 297 
of inferior laryngeal nerve, 210 
of intercostal arteries, 53 
of lumbar nerves, 229 
of obturator artery, 62 
of sacral nerves, 229 
of spinal nerves, 122 
of Sylvian fissure, 137, 139 
of thoracic nerves, 226 
recess of cerebrum, 160 
of tympanic membrane, 293 
scrotal arteries, 64 
nerves, 238 
veins, 100 
semicircular canal, membranous, 276 
osseous, 280 
sensory portion of 
nerve, 203 
septum of spinal pia mater, 124 
sinus of tympanic cavity, 286 
spinal arteries, 36, 124 
superior alveolar artery, 29 
nerves, 199 
dental artery, 29 
nasal rami of 
ganglion, 200 
supraclavicular nerves, 215 
surface of cornea, 250 
of iris, 252, 253 
temporal diploic vein, 87 
thalamic tubercle, 157 
thoracic nerves, 217 
tibial artery, 70 
recurrent artery, 73 
veins, 103 
tympanic artery, 26, 294 
vein of left ventricle, 79 
vertebral venous plexuses, 82 
Precentral sulcus, 139 
Precuneus, 133, 145 
Premental subcutaneous bursa, 299 
Prepatellar subcutaneous bursa, 299 
Primary optic vesicle, 125, 262 
Primitive streak, 307 
Princeps pollicis, 47 
Processus Folianus gracilis, 287 
Profunda arteries, 44, 45 
Projection fibers of brain, 178 
Proper cochlear artery, 285 
digital nerve of fifth toe, lateral, 235 
of hallux, 234 
hepatic artery, 55 
plantar digital nerves, 235 
volar digital arteries, 50, 51 
nerves, 221, 222, 223, 225 
vein, 93 
Prosencephalon, 124, 128, 135 
Prostate, arteries of, 63 
lymphatics of, 110 
nerves of, sympathetic, 246 
Prussak’s space, 293 
Psalterium, 148 
Pterygoid canal, artery of, 29 


mandibular 


sphenopalatine 
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Pterygoid canal, nerve of, 199, 203 
veins of, 89 
nervous plexus, gt 
rami of internal maxillary artery, 29 
Pubic hair, 301 
ramus of inferior epigastric artery, 
66 
of obturator artery, 62 
region, 305 
Pudendal arteries, external, 67 
internal, 64 
nerve, 237 
nervous plexus, 229, 237 
region, 305 
vein, external, 102 
internal, 100 
venous plexus, 100 
Pulmonary artery, 17, 18 
circulation, 17 
lymphatic nodes, 108 
nervous plexuses, 208, 210 
veins, 78 f 
Pulvinar, 157 
Pupil, 252 
Pupillary margin of iris, 252 
membrane of lens, 263 
Putamen, 153 
Pyloric artery, 56 
veins, 98 
Pyramidal decussation, 132, 168 
eminence, 286 
fasciculi, 116 
tract fibers, 178 
of cord, 116 
Pyramids of cerebrum, 132 
of medulla oblongata, 168, 172,174 
of vermis, 166 
vestibular, of ear, 279 


QUADRANGULAR lobule of cerebellum, 
164 
Quadrigeminal thalamus tract, 118 


RADIAL antibrachial cutaneous nerve, 
220 
region, 305 
artery, 45, 46 
anomalies, 45 
collateral, 44 
digital dorsal, 47, 50 
of fifth finger, 51 
of fourth finger, 51 
of index-finger, 47, 50 
of third finger, 50 
of thumb, 47, 50 
volar, 47 
proper, 51 
recurrent, 46 
nerve, 220, 223, 224 
digital dorsal, 224, 225 
volar proper, of fifth finger, 223 
of fourth finger, 222 
of index-finger, 222 
of third finger, 222 
of thumb, 222 
vein, 93 


334 


Radialis indicis, 51 
Radiation of corpus striatum, 147, 182 
tegmental, 182 
Radii of lens, 256 
Radix of hair, 301 
Ranine arch, 2 
Raphe of medulla oblongata, 173 
Receptaculum chyli, 104 
Recti muscles of eyeball, 263, 264, 265 
Rectum, arteries of, 58, 61, 63, 64 
lymphatics of, 110 
nerves of, 237 
sympathetic, 246 
veins of, 98, 100 
Rectus gyrus, 137 
Recurrent artery, interosseous, 48 
radial, 46 
tibial, 73 
ulnar, 47 
laryngeal nerve, 210 
Red nucleus of tegmentum, 160 
Regions, abdominal, 304 
acromial, 305 
anal, 305 
antibrachial, 305 
auricular, 303 
axillary, 304 
brachial, 305 
buccal, 303 
calcaneal, 306 
clavicular, 304 
costal, 304 
coxal, 305 
crural, 306 
cubital, 305 
deltoid, 305 
epigastric, 304 
femoral, 306 
frontal, 303 
gluteal, 305 
hyoid, 303 
hypochondriac, 304 
hypogastric, 304, 305 
infraclavicular, 304 
inframammary, 304 
infra-orbital, 303 
infrascapular, 305 
inguinal lateral, 305 
interscapular, 305 
labial, 303 
laryngeal, 303 
lumbar, 305 
malleolar, 306 
mammary, 304 
mastoid, 303 
mental, 303 
mesogastric, 304 
nasal, 303 
nuchal, 303 
occipital, 303 
of ankles, 306 
of arm, 305 
of back, 302, 305 
of body, 302 
of dorsum, 302, 305 
of face, 303 
of fingers, 305 
of foot, 306 


INDEX. 


Regions of forearm, 305 
of hand, 305 
of head, 302, 303 
of knee, 306 
of leg, 305 
of lower extremity, 305 
of neck, 302, 303 
of thigh, 305 
of thorax, 302, 304 
of toes, 306 
of trunk, 302, 304 
of upper extremities, 305 
olecranal, 305 
oral, 303 
orbital, 303 
palpebral, 303 
parietal, 303 
parotideomasseteric, 303 
patellar, 306 
pectoral, 304 
perineal, 305 
pubic, 305 
pudendal, 305 
retromalleolar, 306 
sacral, 305 
scapular, 305 
sternal, 304 
sternocleidomastoid, 303 
subhyoid, 303 
subinguinal, 306 
submaxillary, 304 
submental, 303 
supraclavicular, minor, 303 
supra-orbital, 303 
suprascapular, 305 
suprasternal, 303 
sural, 306 
temporal, 303 
thyreoid, 303 
trochanteric, 305, 306 
ulnar, 305 
umbilical, 304 
unguicular, 305, 306 
urogenital, 305 
zygomatic, 303 
Reissner’s membrane, 277 
Renal arteries, 19, 58 
rami of lesser splanchnic nerve, 243 
of vagus nerve, 211 
sympathetic plexus, 245 
veins, 99 
Res ‘form body, 165, 169, 174 
Retia, acroimial, 4¢ 
articular, of knee, 74 
of lower extremity, 74 
of upper extremity, 49 
calcaneal, 75 
cubital articular, 49 
dorsal carpal, 49 
of foot, 74, 75 
malleolar, 75 
of foramen ovale, 87, 91 
of hypoglossal canal, 87, 212 
patellar, 74 
trochanteric, 74 
venous, of dorsum of foot, 102 
of hand, 93 
plantar, 103 


Retia, venous, vertebral, 82 
volar carpal, 49 
Reticular formation, 113, 120, 160, 172 
processes of cord, 120 
stratum of thalamus, 157 
substance of hippocampus, 152 
of medulla otlongata, 174 
Retina, 253 : 
arteries of, 254, 257 
blind spot of, 254 
cecal portion, 253, 254 
central artery of, 31 
fovea of, 254 
vessels of, 261 
ciliary portion, 253, 254 
development, 262, 307 
iris portion of, 254 
macula lutea of, 253 
nerves of, 254 
optic portion, 253 
ora serrata of, 253 
physiological excavation of, 254 
pigmented layer of, 253 
veins of, 254 
central, 87 
venules of, 254 
yellow spot of, 253 
Retinacula of cutis, 299 
Retromalleolar regions, 306 
Retromandibular fossa, 303 
Rhinencephalon, 135, 145 
fiber tracts of, 182 
Rhombencephalic isthmus, 125, 
162 
Rhombencephalon, 124, 128, 130, 162 
Rhomboidal fossa, 135 
medullary striz of, 187 
of fourth ventricle, 167, 169, 170 
Right bronchial arteries, 52 
bronchomediastinal 
trunk, 106 
colic artery, 57 
‘vein, 96 
common carotid artery, 21 
coronary artery, 20 
gastric artery, 56 
gastro-epiploic artery, 56 
vein, 98 
inferior phrenic artery, 59 
innominate vein, 83 
development, 77 
internal spermatic artery, 59 
jugular lymphatic trunk, 106 
lumbar arteries, 60 
lymphatic trunk, 104 
lymphatic duct, 106 
middle suprarenal artery, 58 
pulmonary vein, 78 
pyloric artery, 56 
renal artery, 58 
subclavian artery, 21 
lymphatic trunk, 106 
Rima palpebralis, 269 
Ring finger, 305 
Riolan’s ciliary muscle, 274 
Rolando’s gelatinous substance, 12¢ 
Roof-plate of cerebral canal, 127 
of spinal canal, 128 


135; 


lymphatic 


Root of lung, 18 
zones of cord, 118 
Rosenmiiller’s node, 111 
Rosenthal’s vein, 88 
Rostral lamina of corpus callosum, 
147, 155 
Rostrum of corpus callosum, 133, 147 
Round ligament, artery of, 66 
Rubrospinal tract, 118 


SACCULAR ampullary nerve, 284 
Sacculo-ampullary ramus of vestib- 
ular nerve, 284 
Sacculus, 274, 276 
development, 284 
macula acustica of, 276 
veins of, 285 
Sacral arteries of, 60, 61 
lymphatic nodes, 110 
plexuses, 110 
nerves, 228 
nervous plexus, 229, 232 
region, 305 
spinal nerves, 121 
sympathetic ganglia, 240, 244 
veins, 100 
venous plexus, 100 
Sagittal sinuses of dura mater, 85 
Santorini, notches of, 297 
Saphenous artery, 69 
nerve, 231 
external, 234 
short, 234 
veins, 102, 103 
Scala, tympanic, 276, 282 
vestibular, 276 
Scapha of auricle, 296 
eminence of, 297 
Scapular artery, circumflex, 43 
dorsal, 43 
transverse, 39, 40, 43 
line, 304 
region, 305 
vein, circumflex, 93 
transverse, 92 
Scapus, 301 
Scarf-skin, 298 
Scarpa’s nerve, 200 
Schlemm’s canal, 249 
Schultze’s bundle, 118 
Sciatic artery, 63 
nerve, 233 
Sclera, 249 
lamina cribrosa of, 249 
fusca of, 249 
Scleral sulcus, 249 
venous sinus, 249, 259 
Scribiculus cordis, 304 
Scrotum, arteries of, 64 
anterior, 67 
posterior, 64 
lymphatics of, rrr 
nerves of, 230, 231, 238 
sympathetic, 245 
veins of, 100, 102 
Sebaceous glands, 299, 300 
Sebum, cutaneous, 300 
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Second cranial nerve, 131, 184, 261. 
See also Optic nerve. 
dorsal metacarpal artery, 50 
ophthalmic vesicle, 262 
volar metacarpal artery, 51 


| Sella, diaphragm of, 188 
| Semicanal of tensor tympani muscle, 


28 
Biante canals, arteries of, 284 
development, 284 
membranous, 274, 275, 270 
osseous, 279-281 
veins of, 285 
Semilunar fold of conjunctiva, 272, 273 
ganglion of trigeminal nerve, 185, 
TO age 
lobules of cerebellum, 164 
Seminal vesicles, arteries of, 63 
lymphatics of, 110 
Semi-oval center of cerebrum, 147, 152 
Sense organs, 247 
Sensory cerebellar tracts, 183 
skin areas of lower extremity, 257 
of upper extremity, 225 
Septum, nasal, anterior artery of, 32 
posterior artery of, 30 
orbital, 267 
pellucidum, 135, 149 
cavity of, 133, 134, 149 
laminz of, 134, 149 
vein of, 88 
subarachnoid, 124 
Seventh cranial nerves, 131, 132, 186, 
204 
Sheaths of optic nerve, 262 
Short ciliary arteries, 31, 257 
nerves, 197, 198, 260 
gastric arteries, 56 
veins, 98 
saphenous nerve, 234 
Shoulder, arteries of, 33, 40, 42, 43 
lymphatics of, 108 
muscles, nerves of, 225 
nerves of, 219, 225 
sensory skin areas of, 225 
veins of, 92 
Shrapnell’s membrane, 292 
Sigmoid arteries, 58 
lymphatics of, 11x 
veins, 98 
Sinciput, 303 
Singular foramen of internal auditory 
meatus, 283 
Sinuses, aortic, 19 
lactiferous, 300 
of dura mater, 85, 86, 188 
of Valsalva, 19 
reuniens, 76 
scleral venous, 249, 259 
tympanic, 286 
Sixth cranial nerve, 131, 132, 186, 194 
Skeleton, development, 307, 308 
Skin, 298 
appendages of, 299 
development, 307 
glands of, 299 
layers of, 298 
of face, nerves of, 203 
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Skin, pores of, 299 
scarf, 298 
tone, 298 


Small cardiac vein, 79, 80 
saphenous vein, 103 
sciatic nerve, 233 
Soft commissure of optic thalamus, 157 
palate, arteries of, 29 
Sole of foot, arteries of, 70, 75, 76 
nerves of, 234 
veins of, 103 
Solitary fasciculus, 113 
nerve tract, 173, 187 
nucleus of, 173, 187 
Speech, motor cortical center for, 139 
Spermatic arteries, external, 66 
internal, 19, 59 
cord, lymphatics of, 111 
nerves of, 231 
veins of, 99 
sympathetic plexus, 245 
Sphenoidal nerves, 202 
sinus, nerves of, 200 
Sphenopalatine artery, 30 
ganglion, 199 
nerves, 198, 199 
vein, ot 
Sphenoparietal sinus of dura mater, 86 
Spherical recess of ear, 279 
Sphincter pupille, 253 
Spinal acoustic root of 
nerve, 187 
arteries, 36 
cord, 112, 114 
arachnoid of, 123 
arteries of, 124 
central canal of, 112, 118 
cervical portion, 114 
columns of. See also Columns 
of spinal cord. 
commissures of, 118 
common tract of, 118 
cross-sections of, 120 
denticulate ligament of, 124 
development, 128 
diameter of, 114 
divisions of, 114 
dura mater of, 123 
epidural cavity of, 123 
fasciculi of, 116. See also Fas- 
ciculi of spinal cord. 
fissures of, 115, 132 
funiculi of, 115. See also Funic- 
uli of spinal cord. 
Gower’s tract of, 116 
gray columns of, 118 
commissures of, 118 
substance of, 112, 118 
horns of, 118, 120 
lumbar portion, 114 
Marchi’s bundle of, 116 
Monakow’s tract of, 118 
pia mater of, 123, 124 
pyramidal tract of, 116 
reticular formation of, 120 
processes of, 120 
root filaments of, anterior, 120 
posterior, 120 


vestibular 
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Spinal cord, root zones of, 118 
shape of, 115 
subarachnoid cavity of, 123 
septum of, 124 
subdural cavity of, 123 
sulci of, 115, 169 
thoracic portion, 114 
upper portion, arteries of, 33, 36 
veins of, 124 
ventral area of, 118 
ventricles of, terminal, 118 
white commissures of, 118 
substance of, 112, 120 
ganglia, 122 
meninges, 123 
nerves, 113, 121, 212 
accessory, 132 
internal rami, 208 
ans of, 121, 122 
cervical, 121, 212 
coccygeal, 121, 228 
ganglia of, 122 
lumbar, 121, 228 
rami of, 122 
roots of, 121, 122 
sacral, 121, 228 
thoracic, 121, 226 
nucleus of vestibular nerve, 187 
rami of ascending cervical artery, 40 
of intercostal arteries, 53 
of veins, 82 
of lateral sacral arteries, 62 
of vertebral artery, 36 
tract of trigeminus nerve, 172, 186 
veins, 124 
external, 82 
internal, 82 
Spinous nerve, 201 
Spiral canal of cochlea, 281 
of modiolus, 282 
foraminous tract of cochlea, 281 
ganglion of cochlea, 187, 284 
lamina, membranous, 277 
modiolus, hamulus of, 282 
ligament, 277 
limbus, 277 
membrane of cochlear canal, sec- 
ondary, 282 
organ of ear, 277 
vein of modiolus, 285 
Splanchnic ganglion, 243 
nerves, 243 
Spleen, arteries of, 55, 56 
development, 307 
lymphatics of, 110 
nerves of, 211 
sympathetic, 245 
veins of, 96, 98 
Splenic artery, 56 
rami of vagus nerve, 211 
sympathetic plexus, 245 
vein, 98 
Splenium of corpus callosum, 133, 147 
Stapedial artery, 26 
fold, 293 
rami of facial nerve, 205 
Stapedius muscle, 289 
nerves of, 289 
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Stapes, 287, 288 
articulations of, 288 
basal ligament of, 288 
development, 289, 308 
muscles of, 289 
obturator membrane of, 289 
Sternal line, 304 
lymphatic nodes, 109 
rami of internal mammary artery, 39 
vein, 83 
region, 304 
Sternocleidomastoid artery, 22, 25 
ramus of superior thyreoid artery, 
23 
region, 303 
vein, 89 
Stomach, arteries of, 55, 56 
coronary vein of, 98 
lymphatics of, 10g, 110 
nerves of, 211 
sympathetic, 245 
veins of, 96, 98 
Straight sinus of dura mater, 85 
Stratum, central gray, 159, 172 
of lemniscus, interolivary, 174 
of superior colliculus, gray, 160 
white, deep, 160 
zonale, 157, 161 
Strize, acoustic, 170 
malleolar, 292 
of corpus callosum, 147, 182 
of medulla oblongata, 175 
of rhomboidal fossa, 170, 187 
of thalamus, 158 
olfactory, lateral, 182 
tecte, 147 
terminalis, 150, 157 
Stroma of iris, 253 
vitreous, 256 
Stylohyoid ramus of facial nerve, 205 
Styloid process, development, 308 
prominence of tympanic cavity, 287 
Stylomastoid artery, 26 
vein, gI 
Stylopharyngeal ramus 
pharyngeus, 207 
Subarachnoid cavity of cord, 123 
cistern, 190 
septum, 124 
Subcallosal gyrus of cerebrum, 145, 
146 
Subcardinal veins, development, 77 
Subclavian ansa, 241 


of  glosso- 


artery, 33 
anastomoses with axillary, 43 
left, 19, 20 
proximal portion, 17 
right, 21 
lymphatic trunks, 106 
nerve, 219 
sympathetic plexus, 242 
vein, 92 


development, 77 
Subclavicular lymphatic nodes, 108 
Subdural cavity, 123, 189 
Subfrontal portion of sulcus cinguli, 
144 
Subhyoid region, 303 


Subiculum of promontory of tympanic 
cavity, 286 
Subinguinal region, 306 
Subjacent basilar artery, 36 
Sublingual artery, 23 
glands, nerves of, 204 
veins of, 89 
nerve, 204 
vein, 89 
Submaxillary ganglion, 203 
sympathetic root, 242 
gland, nerves of, 204 
veins of, 89 
lymphatic nodes, 107 
neryous rami, 204 
region, 304 
Submental artery, 24 
lymphatic nodes, 107 
region, 303 
vein, 90 
Submucous sympathetic plexus, 245 
Suboccipital nerve, 212 
Subparietal sulcus, 144 
Subscapular artery, 42, 43 
lymphatic nodes, 108 
nerves, 219 
rami of axillary artery, 43 
veins, 93 
Substantia nigra, 160 
propria of cornea, 250 
Subthalamic region of internal cap- 
sule, 154 
Sudoriferous glands, 299 
Sulci, ampullary, of ear, 276 
auricular, posterior, 297 
basilar, of pons, 131 
cinguli, 143 
cruciatus, 139 
interparietal, 140, 141 
limiting, of cerebral canal, 127 
mesencephalic, lateral, 160 
occipital, transverse, 141 
of cerebellum, horizontal, 164 
of cerebrum, 135 
central, 136, 139 
circular, 145 
frontal, 137 
hypothalamic, 133, 155, 157 
intermediate, 150 
interparietal, 140, 141 
occipital, transverse, 141 
parolfactory, 134, 146 
precentral, 139 
Reil’s, 145 
temporal, 143 
of corium, 298 
of corpus callosum, 143 
of helix, 297 
of insula, 145 
of matrix of nail, 302 
of medulla oblongata, 169 
of Monro, 155, 157 
of occipital lobe, 141 
of oculomotor nerve, 160 
of parietal lobe of cerebrum, 139 
of pons, basilar, 167 
of promontory of tympanic cavity, 
285 


Sulci of Reil, 145 
of rhomboidal fossa, 170 
of spinal cord, 115, 169 
of temporal lobe, 143 
olfactory, 139 < 
orbitopalpebral, 270 
precentral, 139 
scleral, 249 
subparietal, 144 
transverse, of anthelix, 297 
tympanic, 291 
Sulcomarginal fasciculus of spinal 
cord, 116 
Supercilia, 270, 301 
Superficial anterolateral fasciculus of 
cord, 116 
cervical artery, 39, 40 
vein, QI 
circumflex iliac artery, 67 
vein, 102 
epigastric artery, 67 
vein, 102 
lymphatic nodes, 107, 111 
vessels, 103 
peroneal nerve, 235 
petrosal nerve, greater, 200 
lesser, 201, 207 
ramus of middle meningeal artery, 
28 
rami of femoral vein, ror 
of lateral plantar ferve, 235 
of medial circumflex femoral 
artery, 67 
plantar artery, 72 
of radial nerve, 223, 224 
temporal artery, 22, 26, 297 
rami of mandibular nerve, 203 
sympathetic plexus, 242 
venous arches of upper extremity, 93 
volar arch, 46, 48, 49, 51 
ramus of radial artery, 46 
of ulnar nerve, 223 
Superior alveolar arteries, 29 
nerves, 199 
ampullary nerve, 284 
brachium quadrigeminum, 160 
bulb of internal jugular vein, 84 
cardiac. nerve, 241 
rami of vagus nerve, 209, 
caroticotympanic nerve, 242 
cervical sympathetic ganglion, 239, 
240, 241 
cluneal nerves, 229 
colliculus of lamina quadrigemina, 
15 
ee icsure of tuber cinereum, 155 
conjunctival fornix, 273 
cribriform macula, 279 
deep cervical lymphatic nodes, 107 
dental arteries, 29 
nervous plexus, 199 
epigastric artery, 39 
vein, 83 
external articular artery of knee, 69 
fovea of rhomboidal fossa, 170 
frontal gyrus, 137 
sulcus, 137 
ganglion of glossopharyngeus, 207 
WI—22 
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Superior gastric lymphatic nodes, 110 
sympathetic plexus, 245 
gluteal artery, 62 
nerve, 232 
vein, 100 
hemorrhoidal artery, 58 
nerves, 246 
sympathetic plexus, 246 
vein, 98, 100 
intercostal artery, 40 
internal articular artery of knee, 69 
labial artery, 25 
nervous rami, 199 
vein, go 
lachrymal gland, 267, 269 
papilla, 268 
punctum, 268, 269 
laryngeal artery, 23 
nerve, 209 
vein, 89 
lateral nasal rami of sphenopala- 
tine ganglion, posterior, 200 
ligament of auditory ossicles, 289 
macular arterioles, 254 
medial] nasal rami of sphenopalatine 
ganglion, 200 
mesenteric artery, 19, 56 
ganglion, 245 
sympathetic plexus, 245 
vein, 96 
musculophrenic vein, 83 
nasal arteriole of retina, 254 
nucleus of vestibular nerve, 187 
nutrient artery of femur, 68 
oblique muscle of eye, 265 
occipital gyrus, 141 
olivary nucleus, 176 
ophthalmic vein, 87 
palpebral ramus of infratrochlear, 
I 
panes onnercasl artery, 56 
parietal lobule, 141 
petrosal sinus of dura mater, 86 
phrenic arteries, 53 
veins, 83 
portion of rhomboidal fossa, 170 
profunda artery, 44 
rami of cutaneous cervical nerve, 
214 
of oculomotor nerve, 193 
recess of tympanic membrane, 293 
rectus muscle of eye, 264 
sagittal sinus of dura mater, 85 
semicircular canal, membranous, 
276 
osseous, 279 
semilunar lobule of cerebellum, 164 
suprarenal arteries, 59 
tarsal arches of eyelids, 273 
artery, 32 
muscles of eyelids, 272 
temporal arteriole of retina, 254 
gyrus, 143 
sulcus, 143 
thoracic artery, 42 
thyreoid artery, 22 
sympathetic plexus, 242 
veins, 89 
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Superior tympanic artery, 28, 294 
ulnar collateral artery, 45 
vena cava, 78, 80 
vermis, 165 
vestibular area of internal auditory 

meatus, 283 

Supracardinal veins, development, 78 

Suprachorioidal lamina, 251 

Supraclavicular fossa, 303 
nerves, 215 
region, minor, 303 

Supramarginal gyrus, 141 

Supra-orbital artery, 31 
nerve, 196 
region, 303 
vein, go 

Suprapineal recess, 156, 157 

Suprarenal arteries, 19, 55, 58, 59 
lymphatics of, rrr 
nerves, sympathetic, 245 
sympathetic plexus, 245 
veins, 99 

Suprascapular artery, 39, 40 
nerve, 219 
region, 305 

Suprasternal region, 303 

Supratragic tubercle, 296 

Supratrochlear nerve, 196 

Supravaginal space of optic nerve, 262 

Supreme intercostal vein, 83 

Sural arteries, 70 
cutaneous nerve, 234, 235 
nerve, 234, 235 
region, 306 

Sylvian aqueduct, 134, 159 
fissure, 130 

rami of, 137, 139 
fossa, 130, 136 
Sympathetic ganglia, cardiac, 243 
carotid, 242 
cervical, 239, 240, 241 
coccygeal, 240, 244 
coeliac, 245 
lumbar, 240, 244 
mesenteric, 245 
sacral, 240, 244 
splanchnic, 243 
thoracic, 240, 242 
nerves, 239 
abdominal, 244 
cephalic, 240 
peripheral rami, 241 
cervical, 240 
peripheral rami, 241 
of clitoris, 246 
of penis, 246 
pelvic, 244 
nervous system, 113, 238 
plexuses, abdominal aortic, 245 
auricular, posterior, 242 
cardiac, 243 
carotid, 242 
cavernous, 242 
of clitoris, 246 
of penis, 246 
cephalic, 242 
cervical, 242 
ciliary, 260 
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Sympathetic plexuses, cceliac, 243, 245 
deferential, 246 
femoral, 246 
ganglia of, 239 
gastric, 245 
hemorrhoidal, 246 
hepatic, 245 
hypogastric, 246 
iliac, 246 
lingual, 242 
mammary, 242 
maxillary, 242 
meningeal, 242 
mesenteric, 245, 246 
myenteric, 245 
occipital, 242 
of abdominal cavity, 245 
ophthalmic, 242 
pharyngeal, ascending, 241 
phrenic, 245 
popliteal, 246 
prostatic, 246 
renal, 245 
spermatic, internal, 245 
splenic, 245 
subclavian, 242 
submucous, 245 
suprarenal, 245 
temporal, superficial, 242 
thoracic aortic, 243 
thyreoid, 242 
uterovaginal, 246 
vertebral, 242 
vesical, 246 

roots of ciliary ganglion, 242 
of otic ganglion, 242 
of submaxillary ganglion, 242 
trunk, 239 

ganglia of, 239 
lower end of, 240 
upper end of, 239, 240 

Systemic circulation, 17 
veins of, 78 


TACTILE toruli, 299 
Teenia, chorioidal, 151 
plexuses of, 113 
of fornix, 151 
of fourth ventricle, 171 
thalami, 156 
Tapetum of corpus callosum, 147, 151 
Tarsal arches of eyelids, 273 
arteries, 32, 73, 74 
glands, 272, 300 
muscles of eyelids, 272 
plates of eyelids, 271, 272 
Tarsus, 306 
of eyelid, 271, 272 
Tears, 267 
Teeth, arteries of, 27, 28, 29 
nerves of, 199, 200, 204 
Tegmen of fourth ventricle, 170, 17x 
Tegmental fasciculus, Gudden’s, 182 
radiation, 182 
wall of tympanic cavity, 285, 286 
Tegmented portion of hypothalamus, 
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Tegmentomammillary fasciculus, 182 
Tegmentum, 160 
decussation of, 160 
of pons, 175 
red nucleus of, 160 
Tela chorioidea, 128, 156, 171 
Telencephalon, 125, 135 
association fibers of, 176 
commissural fibers in, 178 
projection fibers of, 178 
tracts of, in white substance, 176 
Temples, 303 
Temporal arterioles of retina, 254 
artery, deep, 28 
middle, 27 
superficial, 22, 26, 297 
gyri, 143 
lobe of brain, 130, 136, 141 
nerves, 202 
pole of cerebrum, 130, 136, 143 
portion of corona radiata, 178 
of corpus callosum, 147 
of operculum, 139 
rami from mandibular nerve, super- 
ficial, 203 
from parotid plexus, 207 
surface of eye, 249 
sympathetic plexus, 242 
veins, deep, 91 
diploic, 87 
middle, gt 
Temporomaxillary vein, go 
Tendinous annulus, common, 
Tenon’s capsule, 265, 266 
Tensor chorioidez, 251 
of velum of palate, nerve to, 
tympani, 289 
muscle, 289 
nerve of, 202 
semicanal of, 289 
Tenth cranial nerve, 132, 187, 207, 
208. See also Vagus nerve. 
Tentorial nerve, 196 
notch, 189 
Tentorium cerebelli, 129, 163, 189 
Terminal stria of lateral ventricle, 150 
veins, 88 
ventricle of cord, 118 
Terminations of nerves, 113 
Testes, arteries of, 59 
lymphatics of, 111 
veins of, 99 
Testicular artery, 59 
vein, 99 
Thalamencephalon, 156 
development, 125 
Thalamic peduncles, 182 
region of internal capsule, 154 
tubercles, 157 
Thalamocortical tract, 182 
Thalamomammillary fasciculus, 159 
Thalamus, 133, 156. See also Optic 
thalamus. 
Thigh, arteries of, 66, 67 
lymphatics of, 110, 111 
muscles, nerves of, 236 
nerves of, 230, 235 
sympathetic, 246 
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Thigh, regions of, 305 
sensory skin areas of, 237 
veins of, ror 
Third cranial nerve, 131, 134, 184, 
193. See also Oculomotor nerve. 
digit of hand, 305 
dorsal metacarpal-artery, 50 
occipital nerve, 212 
ramus of trigeminal nerve, 195, 201 
ventricle, 129, 133, 134, 155 
chorioid tela of, 134 
volar metacarpal artery, 51 
Thoracic aorta, 19, 52 
parietal rami, 53 
sympathetic plexus, 243 
visceral rami, 52 
arteries, 42, 43 
cavity, veins of, 82 
duct, 104 
lymphatics, 106, 108 
nerves, 216, 226 
anterior, 219 
long, 216 
posterior, 217 
spinal, 121 
sympathetic, 242 
portion of descending aorta, 52 
of spinal card, 114 
regions, 302, 304 
sympathetic ganglia, 240, 242 
veins, 92, 93 
viscera, arteries of, 37 
wall, arteries of, 33, 37, 39 42, 53 
lymphatics of, 10g 
Thoraco-acromial artery, 42, 43 
vein, 92 
Thoracodorsal artery, 43 
nerve, 219 
Thoraco-epigastric vein, 93, 102 
Thumb, 305 
arteries of, 47 
radial dorsal digital, 50 
-ulnar dorsal digital, 47, 50 
nerves of, 222 
Thymus gland, arteries of, 37 
development, 308 
lymphatics of, rog 
veins of, 83 
Thyreocervical trunk, 34, 39 
Thyreohyoid ramus of hypoglossus, 
ae 
Thyreoid artery, inferior, 39, 4o 
superior, 22 
gland, arteries of, 22, 23, 39, 40 
development, 308 
lymphatics of, 107 
nerves of, sympathetic, 242 
veins of, 83, 89 
region, 303 
sympathetic plexus, 242 
veins, inferior, 83 
superior, 89 
venous plexus, 83 
Thyreoidea ima, 21, 22 
Tibial arteries, 70, 71, 72 
recurrent, 73 
dorsal digital artery of fifth toe, 76 
of fourth toe, 76 
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Tibial dorsal digital artery of third 
toe, 76 
nerve of hallux, 235 
lymphatic node, 111 
nerve, 233 
anterior, 236 
plantar digital arteries, 75, 76 
of fifth toe, 76 
of fourth digit, 76 
of hallux, 75, 76 
of second toe, 75, 76 
of third toe, 76 
proper digital nerve of hallux, 234 
veins, 103 
Toes, 306 
arteries of, 74, 75, 76 
big, 72, 76, 306 
little, 306 
nerves of, 234, 235 
regions of, 306 
veins of, 102 
Tongue, arteries of, 23 
lymphatics of, 107 
nerves of, 203, 204, 208, 211 
sympathetic, 242 
veins of, 89 
Tonsil of cerebellum, 165 
palatine, arteries of, 23, 24, 29 
nerves of, 208 
Tonsillar rami of glossopharyngeus, 
208 
Torcular Herophili, 85 
Torus tubarius, 291 
Trachea, arteries of, 39, 40 
lymphatics of, 107, 108 
nerves of, 210 
veins of, 83 
Tracheal rami of inferior thyreoid 
artery, 40 
of recurrent nerve, 210 
Tragicus muscle, 297 
Tragus, 296 
hair of, 301 
isthmus of, 296 
lamina of, 296, 297 
Transition gyri of cerebrum, 136 
Transversus auricule muscle, 297 
cerebellar fissure, 163 
cerebral fissure, 127, 134 
cervical artery, 41, 43 
vein, 92 
crest of internal auditory meatus, 
283 
facial artery, 26 
vein, gt 
fornix, 178 
occipital sulcus, 141 
scapular artery, 39, 40, 43 
vein, 92 
sinus of dura mater, 85 
sulcus of anthelix, 297 
temporal gyri, 143 
sulci, 143 
Trapezoid body, 176, 187 
Triangular fossa of auricle, 296 
eminence of, 297 
portion of frontal lobe, 139 
recess of third ventricle, 156 
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Trigeminal nerve, 131, 132, 167, 185, 
194 
deecontting root of, 162 
nucleus of, 159 
first ramus, 195, 196 . 
nucleus of spinal tract of, 172 
second ramus, 195, 198 
spinal tract of, 172 
third ramus, 195, 201 
Trigone, collateral, of inferior horn, 
152 
deltoideopectoral, 304 
habenular, 158 
hypoglossal, 170, 188 
of lemniscus, 162, 163 
omoclavicular, 303 
Trochanteric region, 305, 306 
rete, 68, 74 
Trochlea of superior oblique muscle 
of eye, 265 
Trochlear bursa, 265 
nerve, 131, 132, 185, 193 
nucleus of, 159 
Truncus arteriosus, 17 
Trunk, lines of, 304 
regions of, 302, 304 
Tuba auditiva, 274, 290. 
Eustachian tube. 
uterina. See Fallopian tubes. 
Tubal ramus of tympanic nerve, 207 
of uterine artery, 63 
Tubar cells of tympanic cavity, 287 
pneumatic cells of Eustachian tube, 
287, 290 
Tuber cinereum, 131, 133, 135, 154, 
169, 172 
of vermis, 166 
Tubercle, acoustic, 171 
Tuberculum cuneatum, 169 
Tunics of eyeball, 249 
Twelfth cranial nerve, 169, 188, 211 
Tympanic arteries, 294 
anterior, 27 
inferior, 24 
posterior, 26 
superior, 28 
aperture of canaliculus of chorda 
tympani, 286 
of Eustachian tube, 290 
cavity, 274, 285 
arteries of, 294 
carotid wall of, 285, 286 
cupular portion, 286 
development, 294 
jugular wall of, 285, 287 
labyrinth wall of, 285, 286 
lymphatics of, 294 
mastoid wall of, 285, 286 
membranous wall of, 285, 286 
mucosa of, 293 
nerves of, 294 
pneumatic cells of, 287 
posterior sinus of, 286 
promontory of, 285 
subiculum of, 286 
size, 287 
tegmented wall of, 285, 286 
tubar cells of, 287 
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Tympanic cavity, veins of, 294 
walls of, 285 
cells, 287 
lip, 282 
membrane, 274, 291 
cutaneous layer, 292, 295 
development, 294 
fibrocartilaginous ring of, 292 
flaccid portion, 292 
folds of, 293 
lamina propria of, 292 
layers of, 292 
limbus of, 292 
malleolar stria of, 292 
mucous tunic of, 291, 292 
nerves of, 203, 294 
nervous rami to, 203 
position of, 293 
recesses of, 293 
secondary, 277, 293 
stratum circulare of, 292 
radiatum of, 292 
surfaces of, 292 
tense portion, 292 
umbo of, 292 
nerve, 207, 285, 294 
nervous plexus, 207, 294 
anastomotic ramus to, 205 
notch, 292 
scala, 276, 282. 
sinus, 286 
sulcus, 291 
vein, gt 
Tympanostapedial syndesmosis, 288 


ULNAR artery, 45, 47 
anomalies, 45 
recurrent, 47 
collateral arteries, 45 
nerve, 224 
digital arteries, dorsal, 47, 50 
of fifth finger, 48, 51 
of fourth finger, 51 
of index-finger, 50 
of third finger, 51 
of thumb, 47, 50 
volar, 47, 51 
of fifth finger, 51 
proper, 51 
nerves, dorsal, 223, 225 
volar proper, of fifth finger, 223 
of fourth finger, 223 
of index-finger, 222 
of third finger, 222 
nerve, 220, 222 
ramus, anastomosing, of 
nerve, 224 
of internal cutaneous nerve, 220 
region, 305 
vein, 93 
Umbilical artery, 63 
region, 304 
vein, 98 
Umbo of tympanic membrane, 292 
Uncus, 130, 143 
Ungual fold, 302 
Unguicular regions, 305, 306 
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Unpaired thyreoid venous plexus, 83 
Upper extremity, arteries of, 21, 33 
articular retia of, 49 
development, 308 
lymphatics of, 106, 107 
nerves of muscles of, 225 
regions of, 305 
sensory skin areas of, 22 
veins of, 92, 93 
lip, nerves of, 199 
Urethra, arteries of, 63, 65 
bulb of, artery of, 65 
vein of, 100 
veins of, 100 
Urogenital region, 305 
Uterine artery, 63 
Uterovaginal sympathetic plexus, 246 
venous plexus, 101 
Uterus, arteries of, 61, 63 
lymphatics of, 110, III 
Utricular nerve, 284 
Utriculo-ampullary ramus of vestibu- 
lar nerve, 284 
Utriculosaccular duct, 274, 278 
Utriculus, 274, 275 
development, 284 
macula acustica of, 275 
veins of, 285 
Uvea, 250 
Uvula of vermis, 166 


VAGINA, arteries of, 63 
lymphatics of, r1o 
nerves of, 237 
Vagus nerve, 132, 169, 187, 207, 208 
abdominal portion, 211 
auricular ramus of, 297 
cervical portion, 209 
cranial portion, 208 
thoracic portion, 209 
Vallecula of cerebellum, 163, 165 
Valsalva, sinuses of, 19 
Valve of Vieussens, 162 
Vascular capsule of lens, 263 
tunic of eye, 250 
development, 263 
Veins, 76 
accessory hemi-azygos, 8r 
alveolar inferior, gt 
angular, 90 
antibrachial median, 94 
arch of foot, 102 
articular mandibular, 91 
auditory, internal, 86, 285 
auricular, gt 
axillary, 92 
azygos, 80 
development, 77 
basal, 88, 94 
basilar sinus of dura mater, 86 
basivertebral, 82 
brachial, 93 
bronchial, anterior, 83 
bulb of internal jugular, 84, 85 
capital, 94 
cardiac, 78, 79, 80 
cardinal, 77 
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Veins, carotid venous plexus, internal, 
87 
cavernous sinus of dura mater, 86 
cephalic, 93, 94 
cerebellar, 88 
cerebral, 88 
cervical, deep, 84 
superficial, gt 
transverse, 92 
chorioid, 88 
ciliary, 87, 259 
circular sinus of dura mater, 86 
colic, 96, 98 
common facial, 89 
condyloid emissary, 87 
confluens sinuum, 85 
conjunctival, 87 
coronary, of stomach, 98 
sinus of heart, 79 
costo-axillary, 82, 93 
cubital, median, 94 
cystic, 98 
development, 76, 307 
digital, of foot, 102 
of hand, 93 
plantar, 103 
diploic, 86 
dorsal rami of intercostal, 82 
ducts of Cuvier, 76, 77 
ductus venosus, 99 
emissary, 87 
epigastric, 101, 102 
superior, 83 
episcleral, 87 
ethmoidal, 87 
facial anastomotic, 90 
common, 89 
posterior, 90 
transverse, QI 
femoral, ror, 102 
femoropopliteal, 103 
frontal, 90 
gastric, 98 
gastro-epiploic, 98 
gluteal, 100 
hemi-azygos, 80 
accessory, 84 
development, 77 
hemorrhoidal, inferior, roo, ror 
middle, ror 
plexus, 100 
superior, 98, 100 
hepaticee majores, 96 
minores, 96 
humeral, circumflex, 93 
hypogastric, 100 
ileocolic, 96 
iliac, 96 
common, 99 
deep circumflex, tor 
external, ror 
internal, roo 
superficial circumflex, 102 
iliolumbar, roo 
innominate, 82 
development, 77 
intercapitular, of foot, 103 
of hand, 93 
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Veins, intercavernous sinuses of dura 
mater, 86 
intercostal, 81 
anterior, 83 
supreme, 83 
interlobular, 96 
intervertebral, 82 
intestinal, 96 
jejunal, 96 
jugular, anterior, 92 
external, 77, 91 
internal, 77, 84 
primitive, 77 
venous arch, 92 
labial, 90, 100 
lachrymal, 87 
laryngeal superior, 89 
lateral sinus of dura mater, 85 
lingual, 89 
longitudinal sinuses of dura mater, 
85 
vertebral sinuses, 82 
lumbar, 99 
ascending, 81 
mammary, internal, 83 
mamumillary plexus, 93 
mandibular articular, or 
masseteric, 90, gI 
mastoid emissary, 87 
meningeal, middle, 89, 91, 92 
mesenteric, inferior, 98 
superior, 96 
metacarpal, 93 
metatarsal, 102, 103 
musculophrenic, superior, 83 
nasal, external, go 
nasofrontal, 87, go 
obturator, 100 
occipital, gr 
diploic, 87 
emissary, 87 
sinus of dura mater, 86 
of alimentary canal, 96 
of auricle, 297 
of bladder, roo, ror 
of brain, 85, 88, 192 
of breast, 83 
of bronchi, 83 
of bulb of urethra, roo 
of chorioid plexus, 88 
of clitoris, 100, 102 
of cochlea, 285 
of cochlear aqueduct, 285 
canaliculus, 89 
of conjunctiva, 87, 274 
of corpus callosum, 88 
striatum, 88 
of diaphragm, 83 
of dorsum of foot, 102 
of hand, 93 
of duodenum, 96 
of dura mater, 85 
of ear, 85, 86, g1, 285, 204, 295, 297 
of Eustachian tube, 89 
of external auditory meatus, 295 
of eye, 85, 87, go 
of eyeball, 258 
of eyelids, 273 


Veins of face, 89 

of fingers, 93 

of foot, 102 

of gall-bladder, 98 

of hand, 93 

of head, 82, 84 

of heart, 78, 79 

of intestines, 96, 98 

of kidney, 99 

of knee-joint, 103 

of labia, 100, 102 

of labyrinth, 285 

of larynx, 83, 89 

of left atrium of heart, 79 
ventricle of heart, 79 

of leg, ror 

of lesser circulation, 78 

of lips, 90 

of liver, 96 

of lower extremity, ror 

of lungs, 78 

of mammary glands, 93, 301 

of Marshall, 79 

of medulla oblongata, 88 

of membranes of brain, 192 

of modiolus, spiral, 285 , 

of mouth, floor of, 89 

of neck, 82, 84 
superficial, gt 

of nuchal region, 84 

of cesophagus, 83, 98 

of omentum, 98 

of orbit, 87, 90 

of ovaries, 99 

of palate, 89 

of palm of hand, 93 

of pancreas, 96 

of parotid glands, go, gt 

of penis, 100, 102 

of pericardium, 83 

of phalanges of foot, 102 
of hand, 93 

of pharynx, 83, 89 

of pineal body, 88 

of pinna, gr 

of pons, 88 

of pterygoid canal, 89 

of pulmonary circulation, 78 

of rectum, 98, 100 

of retina, 254 
central, 87 

of Rosenthal, 88 

of sacculus, 285 

of scrotum, 100, 102 

of semicircular canals, 285 

of septum pellucidum, 88 

of shoulder, 92 

of skull, 85 

of sole of foot, 103 

of spermatic cord, 99 

of spinal cord, 124 

of spleen, 96, 98 

of stomach, 96, 98 

of sublingual glands, 89 

of submaxillary glands, 89 

of suprarenals, 99 

of systemic circulation, 78 

of testes, 99 
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Veins of thalamus, 88 
of thigh, ror 
of thorax, 82, 92 
of thymus gland, 83 
of thyreoid gland, 83, 89 
of toes, 102 
of tongue, 89 
of trachea, 83 
of tympanic cavity, 294 
of tympanum, 91 
of upper extremity, 92, 93 
of urethra, 100 
of utriculus, 285 
of vertebral column, 82 
of vestibular aqueduct, 285 
of vestibule, 100 
ophthalmic, 87 
palatine, go 
palpebral, go 
pampiniform plexus, 99 
pancreatic, 96 
pancreaticoduodenal, 96 
para-umbilical, 99 
parietal emissary, 87 
rami of hypogastric vein, too 
of inferior vena cava, 99 
parotid, go, 91 


perforating, of lower extremity, 102 


ramus of internal mammary, 83 
pericardiac, 83 
petrosal sinuses of dura mater, 86 
pharyngeal, 89 
phrenic, inferior, 99 
superior, 83 
plantar, 103 
plexuses, hemorrhoidal, too 
mammillary, 93 
of skull, 87 
pampiniform, 99 
pharyngeal, 89 
pterygoid, 91 
pudendal, too 
sacral anterior, 100 
thyreoid, 83 
uterovaginal, tor 
vesical, ror 
popliteal, 103 
portal, 96 
accessory, 99 
pudendal, external, 102 
internal, 100 
pulmonary, 78 
pyloric, 98 
radial, 93 
renal, 99 
retia, of dorsum of foot, 102 
of hand, 93 
of foramen ovale, 87, gt 
of hypoglossal canal, 87 
plantar, 103 
vertebral, 82 
sacral, 100 
sagittal sinuses of dura mater, 85 
saphenous, 102, 103 
scapular, circumflex, 93 
transverse, 92 
scrotal, posterior, 100 
sigmoid, 98 
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Veins, sinus reuniens, 76 
sinuses of dura mater, 85 
spermatic, 99 
sphenopalatine, gt 
sphenoparietal sinus of dura mater, 
86 


spinal, 124 
external, 82 
internal, 82 
rami of intercostals, 82 
splenic, 98 
sternal rami of internal mammary, 
8 
stetonloidomdatids 89 
straight sinus of dura mater, 85 
stylomastoid, 91 
subcardinal, development, 77 
subclavian, 92 
development, 77 
sublingual, 89 
submental, 90 
subscapular, 93 
supracardinal, development, 78 
supra-orbital, go 
suprarenal, 99 
temporal, deep, 91 
diploic, 87 
middle, gt 
temporomaxillary, go 
terminal, 88 
testicular, 99 
thoracic, lateral, 93 
thoraco-acromial, 92 
thoraco-epigastric, 93, 102 
thymic, 83 
thyreoid, inferior, 83 
superior, 89 
tibial, 103 
torcular Herophili, 85 
tracheal, 83 
transverse sinus of dura mater, 85 
tympanic, gt 
ulnar, 93 
umbilical, 98 
urethral, 100 
uteroyaginal plexus, ror 
vena cava, inferior, 78, 95 
development, 77, 78 
parietal rami of, 99 
visceral rami of, 96 
superior, 78, 80 
azygos major, 81 
minor, 81 
comitans of hypoglossal nerve, 89 
lienalis, 98 
thyreoidea ima, 83 
venous arches of upper extremity, 93 
vertebral, 84 
retia, 82 
sinuses, longitudinal, 82 
vesical plexus, ror 
rami of hypogastric vein, 100 
of inferior vena cava, 96 
vorticose, 87, 258 
Velum, medullary, anterior, 135, 160, 
162 
posterior, 165, 171 
of palate, nerves of, 201, 202 
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Vena azygos, major, 81 
minor, 81 
cava, fold of, 77, 79 
inferior, 95 
development, 77, 78 
parietal rami of, 99 
visceral rami of, 96 
ligament of, 77, 79 
superior, 78, 80 
comitans of hypoglossal nerve, 89 
hepatica majoris, 96 
minoris, 96 
lienalis, 98 
thyreoidea ima, 83 
Venous angle, 83 
arches, jugular, 92 
of foot, 102, 103 
of hand, 93 
plexuses, 82 
mammillary, 93, 301 
of skull, 87 
pterygoid, gt 
thyreoid, unpaired, 83 
vertebral, 82 
sinus, scleral, 249, 259 
Ventral acoustic nucleus, 187 
area of cord, 118 
Ventricles of brain, 112, 133 
fourth, 120, 1133) -i35sl7Oumsee 
also Fourth ventricle. 
lateral, 129, 149. See also Lat- 
eral ventricle. 
third, 129, 134, I55 
chorioid tela of, 134 
of cord, terminal, 118 
Venules of retina, 254 
Vermis, 135, 165 
central lobule of, 166 
folium of, 166 
lingula of, 166 
vinculum of, 164 
lobules of, 166 
relations to cerebellar lobules, 166 
medullary body of, 167 
substance of, 135 
monticulus of, 166 
nodule of, 166 
of cerebellum, 129, 132, 163 
tuber of, 166 
uvula of, 166 
Vertebral artery, 34 
canal, development, 128 
column, development, 308 
veins of, 82 
retia, venous, 82 
sympathetic plexuses, 242 
vein, 84 
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Vertex, 303 
Vesical artery, inferior, 63 
nerves, inferior, 237 
sympathetic plexus, 246 
venous plexus, Ior 
Vestibular aperture of cochlea, 281 
aqueduct, veins of, 285 
areas of internal auditory meatus, 
283 
artery, 284 
bulb, artery of, 65 
cecum of ear, 276 
crest of ear, 279 
fenestra of ear, 279, 285 
ganglion, 283 
lip, 282 
membrane of ear, 277 
nerve, 175, 187, 283 
lateral nucleus of, 184 
nuclei of, 175, 187 
pyramid, 279 
saccules, 274 
scala, 276, 282 
Vestibule of vagina, nerves of, 238 
of ear, 278 
cavity of, 279 
vein of, 100 
Vestibulocochlear artery, 285 
Vestibulospinal tract, lateral, 118 
Vestigial fold of pericardium, 79 
Vibrisse, 301 
Vidian artery, 29 
nerve, 199 
Vieussen’s ansa, 241 
valve, 162 
Vinculum of lingula, 164 
Viscera, abdominal, lymphatics of, 106 
cervical, arteries of, 33 
development, 306 
pelvic, arteries of, 61 
thoracic, arteries of, 37 
lymphatics of, 108 
Visceral arch, 308 
canal, 308 
embryonic, 306 
cavity, embryonic, 306 
rami of abdominal aorta, 54, 55 
of hypogastric artery, 61, 63 
vein, 100 
of inferior vena cava, 96 
of thoracic aorta, 52 
Visual organ, 247. See also Eye. 
Vitreous body, 255, 256 
arteries of, 257 
development, 262 
hyaloid membrane of, 256 
veins of, 257 


Vitreous humor, 256 
stroma, 256 
Volar arch, deep, 46, 49, 51 
superficial, 46, 48, 49, 51 
carpal rete, 49 
digital arteries, 47, 50, 51 
nerves, 221, 222, 223, 225 
veins, 93 
interosseous artery, 48 
nerve, 221 
metacarpal arteries, 50, 51 
veins, 93 
rami of internal cutaneous nerve, 
220 
of radial artery, 46 
collateral artery, 44 
of ulnar artery, 48 
nerve, 222, 223 
region, 305 
Vortices of hair, 301 
Vorticose veins, 87, 258 


WHITE commissures of cord, 118 
rami communicantes of sympathetic 
trunk, 239 
reticular substance of hippocampus, 


152 
of edalla oblongata, 174 
stratum, deep, 160 
substance of spinal cord, 112, 120 
of telencephalon, tracts in, 176 

Wool hair, 30r 
Wrisberg’s ganglion, 243 

nerve, 187, 205 


YELLOW spot of retina, 253 


ZINN’S annulus, 263 
zonule, 256, 257 
Zones of iris, 252 
root, of cord, 118 
Zonula ciliaris, 256, 257 
development, 262 
Zonular fibers of ciliary zonule, 257 
spaces, 257, 259 
Zonule, ciliary, 252, 257 
of Zinn, 256, 257 
Zygomatic nerve, 198 
rami from parotid plexus, 207 
region, 303 
Zygomaticofacial ramus, 198 
Zygomatico-orbital artery, 27 
foramen, 198 
Zygomaticotemporal ramus, 199 
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JUST OUT—EXTREMELY IMPORTANT 


Anoci-association is the prevention of postoperative shock—not its treatment. 
Anoci-association robs surgery of its harshness, diminishes postoperative mortality, 
lessens postoperative complications (shock, nausea, vomiting, gas pains, back- 
ache, nephritis, pneumonia, etc.). You get here, first of all, a monograph on 
shock—its kinetic theory, its histologic and clinical pathology, and its treatment. 
Then follow chapters on the principles of avzocz-association; the technic of z¢s applt- 
cation in the administration of the anesthetic in abdominal operations (gall-bladder, 
gastric, intestinal operations, herniotomy, perineal operations, abdominal infec- 
tions, appendicitis, pelvic infections); in gynecologic operations (tumors, suspension 
of uterus, pus tubes); in genito-urinary work (bladder, kidney, prostate); in opera- 
tions for cancer of the breast, rectum, stomach, uterus, larynx, and tongue; in 
exophthalmic goiter operations; in operations on the brain and the extremities 
(amputations, osteotomy, accidents). Then come chapters on amoct-association and 
blood-pressure, the rélation to postoperative morbidity and mortality, and the 
technic of nitrous-oxid-oxygen anesthesia with details for equipping a hospital 
plant for the manufacture of nitrous oxid. 
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The New Keen’s Surgery 


Surgery: Irs PRINCIPLES AND PRaAcTIcE. Written by 81 eminent 
specialists. Edited by W. W. Kren, M.D., LL.D., Hon. F.R.CS., Ene. 
AND Epin., Emeritus Professor of the Principles of Surgery and of 
Clinical Surgery at the Jefferson Medical College. Six octavos of 1050 
pages each, containing 3100 original illustrations, 157 in colors, Per 


volume: Cloth, $7.00 net; Half Morocco, $8.00 net. 


VOLUME VI GIVES YOU THE NEWEST SURGERY 


\ 


ALL THE ADVANTAGES OF A REVISION AT ONE-FIFTH THE COST 
We have issued a Volume VI of ‘‘ Keen’’—the volume of the newest surgery- 
In this way you get all the advantages of a complete and thorough revision at but 
one-fifth the cost. It makes Keen’s Surgery the best, the most up-to-date surgery 
on the market. 

In this sixth volume you get the newest surgery—both general and special— 
from the pens of those same international authorities who have made the success 
of Keen’s Surgery world-wide. Each man has searched for the new, the vead/y 
useful, in his particular field, and he gives it to you here. Here you get the 
newest surgery, and fully illustrated. Then, further, you get a complete index to 
the entire six volumes, covering 125 pages, but so arranged that reference to it is 
extremely easy. If you want the newest surgery, you must turn to the new 
“Keen ’’ for it. 


Bryan’s Surgery 


Principles of Surgery. By W. A. Bryan, M. D., Professor of Sur- 
gery and Clinical Surgery at Vanderbilt University, Nashville. Octavo 
of 677 pages, with ‘224 original illustrations. Cloth, $4.00 net. 


JUST ISSUED 


Dr. Bryan here gives you facts, accurately and concisely stated, without which 
no modern practitioner can do modern work, He discredits many fallacious 
ideas, giving you facts instead. He shows you in a most practical way the rela- 
tions between surgical pathology and the resultant symptomatology, and points 
out the influence such information has on fveatment. 


Dr. A. Vander Veer, 4/bany Medical College 
“ It comes to us full of new ideas. So much that is clear and concise has been added that 
it is fascinating to study the work, It is bound to receive a hearty welcome.” 
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Hornsby and Schmidt’s 
The Modern Hospital 


The Modern Hospital. Its Inspiration; Its Construction; Its 
Equipment; Its Mangement. By Joun A. Hornspy, M.D., Secre- 
tary, Hospital Section, American Medical Association; and RicHarp 
E. Scumipt, Architect. Large octavo of 644 pages, with 207 illus- 
trations. Cloth, $7.00 net; Half Morocco, $8.50 net. 


HOSPITAL EFFICIENCY 


‘« Hornsby and Schmidt”’ tells you just exactly how to plan, construct, equip, 
and manage a. hospital in all its departments, giving you every detail. It gives 
you exact data regarding heating, ventilating, plumbing, refrigerating, etc.—and 
the costs. It tells you how to equip a modern hospital with modern appliances, 
It tells you what you need in the operating room, the wards, the private rooms, 
the dining room, the kitchen—every division of hospital housekeeping. It gives 
you the duties of the directors, the superintendent, the various staffs, their relations 
to each other. It tells you all about nurses’ training-schools their management, 
curriculum, rules, regulations, etc. It gives you hundreds of valuable points on 
the business management of hospitals—large and small. 


Howell Wright, Superintendent City Lospital, Cleveland 


‘“To me the book is invaluable. I have a copy on my desk and scarcely a day passes 
but what I consult it and find what I want.” 


Allen’s Local Anesthesia 


Local Anesthesia. By Carrott W. ALLEN, M. D., Instructor in 
Clinical Surgery at Tulane University of Louisiana. Octavo of 625 
pages, illustrated. 


JUST READY 


This is a complete work on this subject. You get the history of local 
anesthesia, a chapter on nerves and sensation, giving particular attention to pazz 
—what it is and its psychic control. Then comes a chapter on osmosis and 
diffusion. Each local anesthetic is taken up in detail, giving very special atten- 
tion to cocaim and novocain, pointing out the action on the nervous system, the 
value of adrenalin, paralysis caused by cocain anesthesia, control of toxicity. 
You get Crile’s method of administering adrenalin and salt solution, the exact 
way to produce the intradermal wheal, to pinch the flesh for the insertion of the 
needle—all shown you step by step. You get full discussions of paraneural, 
intraneural, and spinal analgesia, intravenous and intra-arterial anesthesia, and 
Hackenbuck’s regional anesthesia by circumferential injections. You get indica- 
tions, contraindications, an article on amocz-association, with Crile’s technic for 
producing anesthesia. Then the production of local anesthesia in the various 
regions is taken up in detail. Spinal analgesia and epidural injections are con- 
sidered in a monogragh of 45 pages. There isa large section on dental anesthesia. 
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Cotton’s 


Dislocations an? Joint Fractures 


Dislocations and Joint Fractures. By FrepeErRic JAy Corron, M. D., 
First Assistant Surgeon to the Boston City Hospital. Octavo of 654 
pages, with 1201 original illustrations. Cloth, $6.00 net; Half Morocco, 


$7.50 net. 


TWO PRINTINGS IN EIGHT MONTHS 


Dr. Cotton's clinical and teaching experience in this field has especially fitted 
him to write a practical work on this subject. He has written a book clear and 
definite in style, systematic in presentation, and accurate in statement. The 
illustrations possess the feature of showing just those points the author wishes to 
emphasize. This is made possible because the author is himself the artist. 


Boston Medical and Surgical Journal 
“The work is delightful, spirited, scholarly, and original, and is not only a book of refer- 
ence, but a book for casual reading. It brings the subject up to date, a feat long neglected.” 


Murphy’s Famous Clinics 


Clinics of John B. Murphy, M .D., at Mercy Hospital, Chicago. 
Issued serially, one number every other month (six numbers a year). 
Each issue about 200 octavo pages, illustrated. Per year: $8.00; 
Cloth, $12.00. Sold only by the calendar year. 


DOWN-TO-THE-MINUTE SURGERY 


This is just the work you have been waiting for—a permanent record of the 
teachings of this great surgeon. These are of students’ clinics, but delivered at 
Mercy Hospital, Chicago, for physicians only. They are postgraduate clinics. 
These Ciinics are published jus¢ as delivered by Dr. Murphy, an expert stenogra- 
pher taking down everything Dr. Murphy says and does. In this way these 
Cuinics retain all that individual force and charm so characteristic of the clinical 
teaching of this distinguished surgeon. But the most vital point about ‘hese 
Cuinics is that they are absolutely fresh. They give youa continuous postgraduate 
course right in your own office with John B. Murphy as your teacher. They have 
been called ‘‘ The Practitioner's Text-book.’’ 
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Crandon and Ehrenfried’s 
Surgical After-treatment 


Surgical After-treatment. A Manual of the Conduct of Surgical 
Convalescence. By L. R. G. Cranpon, M.D., Assistant in Surgery, 
and ALBERT EHRENFRIED, M. D., Assistant in Anatomy, Harvard Medi- 
cal School. Octavo of 831 pages, with 265 original illustrations. 
Cloth, $6.00 net ; Half Morocco, $7.50 net. 


THE NEW (2d) EDITION, PRACTICALLY REWRITTEN 


This work tells how best to manage all problems and emergencies of surgical 
convalescence from recovery-room to discharge. It gives all the details com- 
pletely, definitely, yet concisely, and does not refer the reader to some other 
work perhaps not then available. The post-operative conduct of all operations 
is given, arranged ‘alphabetically by regions. A special feature is the elaborate 
chapter on Vaccine Therapy, lmmunization by Inoculation and Specific Sera, 
by Dr. George P. Sanborn, a disciple of Sir A. E. Wright. The text is illustrated. 


The Therapeutic Gazette 
““The book is one which can be read with much profit by the active surgeon and will be 
generally commended by him.” 


Papers from the Mayo Clinic 


Collected Papers by the Staff of St. Mary’s Hospital, Mayo Clinic, 
By Wit.1am J. Mayo, M. D., CHartes H. Mayo, M. D.,and their Asso- 
CIATES at St. Mary’s Hospital, Rochester, Minn. Papers of 1905-1909, 
Papers of 1910, Papers of 1911, Papers of 1912, Papers of 1913. Each 
an octavo of about 800 pages, illustrated. Per volume: Cloth, $5.50 net. 


PAPERS OF 1913 NOW READY 


These volumes give you all the clinical teachings, all the important papers of 
W. J. and C. H. Mayo and their associates at St. Mary’s Hospital. They give you 
the advances in operative technic, in methods of diagnosis as developed at this 
great clinic, This new volume, although called the 7973 volume, gives you many 
papers‘that did not appear until we// zuto 1974, quite a few being scheduled for as 
late as May and June. You should add this volume to your Mayo files. 


Bulletin Medical and Chirurgical Faculty of Maryland 


“Much of the work done at the Mayo Clinic and recorded in these papers has been epoch- 
making in character. * * * Represents a most substantial block of modern surgical progress.” 


A Collection of Papers (published previous to 1909). By 
WituiaM J. Mayo, M. D., and Cuarites H. Mayo, M.D. Two octavos 
of 525 pages each, illustrated. Per set: Cloth, $10.00 net. 
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Mumford’s 
Practice of Surgery 


The Practice of Surgery. By James G. Mumrorp, M. D., In- 
structor in Surgery, Harvard Medical School. Octavo of 1015 pages, 
with 682 illustrations. Cloth, $7.00 net; Half Morocco, $8.50 net. 


JUST OUT—NEW (2d) EDITION 


This, as its title implies, is a work on the céinica/ side of surgery—surgery as 
it is seen at the bedside, in the accident ward, and in the operating room. It ex- 
presses the matured outgrowth of twenty years of active hospital and private 
surgical practice, together with the experience gained from clinical teaching, class- 
room discussions, and lectures. 

John B. Murphy, M.D., Professor of Surgery, Northwestern Medical School, Chicago. 


“ This work truly represents Dr. Mumford’s intellectual capacity and scope, and presents 
in a terse, forceful, yet pleasing manner, the live surgical topics of the day. It isin every par- 
ticular up to date, and shows that rare quality of accentuating the essential and omitting the 
unnecessary. 


DaCosta’s Modern Surgery 


Modern Surgery—GENERAL AND OPERATIVE. By JOHN CHALMERS 
DaCosta, M. D., Samuel D. Gross Professor of Surgery, Jefferson 
Medical College, Philadelphia. Octavo of 1515 pages, with 1085 illus- 
trations. Cloth, $6.00 net; Half Morocco, $7.50 net. 


JUST READY—NEW (7th) EDITION 


A surgery, to be of the maximum value, must be up to date, must be com- 
plete, must have behind its statements the sure authority of experience, must be so 
arranged that it can be consulted quickly; in a word, it must be practical and 
dependable. Such a surgery is DaCosta’s. Always an excellent work, for this 
edition it has been very materially improved by the addition of new matter to the 
extent of over 250 pages and by a most thorough revision of the old matter. 


Many old cuts have been replaced by new ones, and nearly 150 additional illus- 
trations have been added. 


Rudolph Matas, M. D., Professor of Surgery, Tulane University of Louisiana. 


“This edition is destined to rank as high as its predecessors, which have placed the learned 
author in the fore of text-book writers, The more I scrutinize its pages the more I admire the 
marvelous capacity of the author to compress so much knowledge in so small a space.” 


ba J 
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Scudder’s 
Treatment of Fractures 


WITH NOTES ON DISLOCATIONS 


The Treatment of Fractures; with Notes on a few Common 
Dislocations. By CHartes L. Scupper, M.D., Surgeon to the Massa- 
chusetts General Hospital, Boston. Octavo of 708 pages, with 994 
original illustrations. Polished Buckram, $6.00 net; Half Morocco, 


$7.50 net. 


THE NEW (7th) EDITION, ENLARGED 
OVER 33,500 COPIES 


The fact that this work has attained a seventh edition indicates its practical 
value. In this edition Dr. Scudder has made numerous additions throughout 
the text, and has added many new illustrations, greatly enhancing the value of 
the work. In every way this new edition reflects the very latest advances in the 
treatment of fractures. 

J. F. Binnie, M.D., University of Kansas 


“Scudder’s Fractures is the most successful book on the subject that has ever been pub- 
lished. I keep it at hand regularly.” 


Scudder’s Tumors of the Jaws 


Tumors of the Jaws. By CuHaries L. Scupprer, M.D., Surgeon 
to the Massachusetts General Hospital, Boston. Octavo of 395 pages, 
with 353 illustrations, 6 in colors. Cloth, $6.00 net; Half Morocco, 


$7.50 net. 
WITH NEW ILLUSTRATIONS 


Dr. Scudder in this book tells you how to determine in each case the form of 
new growth present and then points out the best treatment. As the tendency of 
malignant disease of the jaws is to grow into the accessory sinuses and toward 
the base of the skull, an intimate knowledge of the anatomy of these sinuses is 
essential. Dr. Scudder has included, therefore, sufficient anatomy and a number 
of illustrations of an anatomic nature. Whether general practitioner or surgeon, 
you need this new book because it gives you just the information you want. 
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Sisson’s 
Veterinary Anatomy 


Text-Book of Veterinary Anatomy. By Septimus Sisson, S. B., 
V. S., Professor of Comparative Anatomy in Ohio State University. 
Octavo volume of 826 pages, with 588 illustrations, mostly original 
and many in colors. Cloth, $7.00 net; Half Morocco, $8.50 net. 


WITH SUPERB ILLUSTRATIONS 


This is a clear and concise statement of the essential facts regarding the 
structure of the principal domesticated animals, containing many hitherto unpub- 
lished data resulting from the detailed study of formalin-hardened subjects and 
frozen sections. Nearly all of the illustrations are original, the majority being 
reproduced from photographs, and colors frequently used. The terminology has 
been carefully revised with reference to the B. N. A. and the nomenclature 
adopted by European comparative anatomists. 


Boston Medical and Surgical Journal 

‘“‘It is not amiss to say that the work ranks with the best. A marked advance in English 
veterinary literature, upon which student and practitioner may well congratulate themselves 
and no medical school can afford to be without. It is an exhaustive gross anatomy of the 
horse, ox, pig, and dog, including the splanchnology of the sheep.” 


Gant on Constipation and 
Intestinal Obstruction 


Constipation and Intestinal Obstruction. By SAmurEL G. Gant, 
M.D., Professor of Diseases of the Rectum and Anus, New York 
Post-Graduate Medical School and Hospital. Octavo of 559 pages, 
with 250 original illustrations. Cloth, $6.00 net ; Half Morocco, $7.50 net. 


INCLUDING RECTUM AND ANUS 


In this work the consideration given to the medical treatment of constipation 
is unusually extensive. The practitioner will find of great assistance the chapter 
devoted to formulas. The descriptions of the operative procedures are concise, 
yet fully explicit. 


The Proctologist 

‘«Were the profession better posted on the contents of this book there would 
be less suffering from the il] effects of constipation. We congratulate the author 
on this most complete book.’’ 
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Kelly & Noble’s Gynecology 
and Abdominal Surgery 


Gynecology and Abdominal Surgery. Edited by Howarp A. 
Ketty, M.D., Professor of Gynecology in Johns Hopkins University; 
and Cuarves P. Nosir, M.D., formerly Clinical Professor of Gyne- 
cology in the Woman’s Medical College, Philadelphia. Two imperial 
octavo volumes of 950 pages each, containing 880 original illustrations, 
some in colors. Per volume: Cloth, $8.00 net; Half Morocco, $9.50 
net. 


WITH 880 ILLUSTRATIONS—TRANSLATED INTO SPANISH 


This work possesses a number of valuable features not to be found in any 
other publication covering the same fields. It contains a chapter upon the bac- 
teriology and one upon the pathology of gynecology, and a large chapter devoted 
entirely to medical gynecology, written especially for the physician engaged in 
general practice. Addominal surgery proper, as distinct from gynecology, is 
fully treated, embracing operations upon the stomach, intestines, liver, bile-ducts, 
pancreas, spleen, kidneys, ureter, bladder, and peritoneum. 


American Journal of Medical Sciences 

“Tt is needless to say that the work has been thoroughly done; the names of the authors 
and editors would guarantee this, but much may be said in praise of the method of presentation, 
and attention may be called to the inclusion of matter not to be found elsewhere.” 


Bickham’s Operative Surgery 


A Text-Book of Operative Surgery. By WARREN STONE BICKHAM, 
M.D., of New York. Octavo of 1200 pages, with 854 original illustra- 
tions. Cloth, $6.50 net; Half Morocco, $8.00 net. 


THE NEW (3d) EDITION 


This work completely covers the surgical anatomy and operative technic in- 
volved in the operations of general surgery. The practicability of the work is 
particularly emphasized in the 854 magnificent illustrations, 


Boston Medical and Surgical Journal 

“The book is a valuable contribution to the literature of operative surgery. It represents 
a vast amount of careful work and technical knowledge on the part of the author. For the sur- 
geon in active practice or the instructor of surgery it is an unusually good review of the subject.” 
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Fisendrath’s 
Surgical Diagnosis 


A Text-Book of Surgical Diagnosis. By Daniet N. EISENDRATH, 
M.D., Professor of Surgery in the College of Physicians and Surgeons, 
Chicago. Octavo of 885 pages, with 574 entirely new and original 
text-illustrations and some colored plates. _ Cloth, $6.50 net; Half 
Morocco, $8.00 net. 


THE NEW (2d) EDITION 


Of first importance in every surgical condition is a correct diagnosis, for upon 
this depends the treatment to be pursued ; and the two—diagnosis and treatment— 
constitute the most practical part of practical surgery. Dr. Eisendrath takes up 
each disease and injury amenable to surgical treatment, and sets forth the means 
of correct diagnosis in a systematic and comprehensive way. Definite directions 
as to methods of examination are presented clearly and concisely, providing for 
all contingencies that might arise in any given case. Each illustration indi- 
cates precisely how to diagnose the condition considered. 


Surgery, Gynecology, and Obstetrics 


“The book is one which is well adapted to the uses of the practising surgeon who desires 
information concisely and accurately given. . . . Nothing of diagnostic importance is omitted, 
yet the author does not run into endless detail.” ; 


Fisendrath’s Clinical Anatomy 


A Text-Book of Clinical Anatomy. By Daniet N. EIsENDRATH, 
A.B., M.D., Professor of Surgery in the College of Physicians and 
Surgeons, Chicago. Octavo-of 535 pages, illustrated. Cloth, $5.00 
net; Half Morocco, $6.50 net. 


THE NEW (2d) EDITION 


This new anatomy discusses the subject from the clinical standpoint. A por- 
tion of each chapter is devoted to the examination of the living through palpation 
and marking of surface outlines of landmarks, vessels, nerves, thoracic and 
abdominal viscera. The illustrations are from new and original drawings and 
photographs. This edition has been carefully revised. 


Medical Record, New York 


“A special recommendation for the figures is that they are mostly original and were 
made for the purpose in view. The sections of joints and trunks are those of formalinized 
cadavers and are unimpeachable in accuracy.” 
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Fenger Memorial Volumes 


Fenger Memorial Volumes. Edited by Lupyic Hexrorn, M. D., 
Professor of Pathology, Rush Medical College, Chicago. Two octavos 
of 525 pages each. Per set : Cloth, $15.00 net ; Half Morocco, $18.00 net. 


LIMITED EDITION 


These handsome volumes consist of all the important papers written by the late 
Christian Fenger, for many years professor of surgery at Rush Medical College, 
Chicago. Not only the papers published in English are included, but also those 
which originally appeared in Danish, German, and French. 

The name of Christian Fenger typifies thoroughness, extreme care, deep re- 
search, and sound judgment. Hiscontributions to the advancement of the world’s 
surgical knowledge are indeed as valuable and interesting reading to-day as at 
the time of their original publication. They are pregnant with suggestions. 
Fenger’s literary prolificacy may be judged from this memorial volume—over 
1000 pages. 


Sobotta and McMurrich’s 
Human Anatomy 


Atlas and Text-Book of Human Anatomy. In Three Volumes. By 
J. Soporta, M.D., of Wiirzburg. Edited, with additions, by J. PLAyFair 
McMorricu, A. M., Pu. D., Professor of Anatomy, University of 
Toronto, Canada. Three large quartos, each containing about 250 
pages of text and over 300 illustrations, mostly in colors. Per volume: 
Cloth, $6.00 net; Half Morocco, $7.50 net. 

Edward Martin, M.D., Professor of Clinical Surgery, University of Pennsylvania 


“This isa piece of bookmaking which is truly admirable, with plates and text so well 
chosen and so clear that the work is most useful to the practising surgeon.” 


Campbell’s Surgical Anatomy 


A Text-Book of Surgical Anatomy. By WILLIAM FRANcIS Camp- 
BELL, M. D., Professor of Anatomy, Long Island College Hospital. 
Octavo of 675 pages, with 319 original illustrations. Cloth, $5.00 net. 

SECOND EDITION 


This is in the fullest sense an applied anatomy—an anatomy that will be of 
inestimable value to the surgeon because only those facts are discussed and only 
those structures and regions emphasized that have a peculiar interest to him. 


Boston Medical and Surgical Journal 
‘““The author has an excellent command ofhis subject, and treats it with the freedom and 
the conviction of the experienced anatomist. He is also an admirable clinician.” 
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Moynihan’s Duodenal Ulcer 


Duodenal Ulcer. By B. G. A. Moyniman, M.S. (Lonpon), F.R.CS., 
Leeds, England. Octavo of 486 pages, illustrated. Cloth, $5.00 net; 
Half Morocco, $6.50 net. 

THE NEW (2d) EDITION 


For this edition the work has been entirely reset and brought up to date. All 
the cases operated upon since the appearance of the first edition have been in- 
cluded and a new chapter added on Jejunal and Gastro-jejunal Ulcers. 


Moynihan’s Abdominal Operations 


Abdominal Operations. By B. G. A. Moyniman, M.S. (Lonpon), 
F. R.C.S., Leeds, England. Octavo, beautifully illustrated. 


THE NEW (3d) EDITION—PREPARING 


Edward Martin, M.D., University of Pennsylvania. 
“Tt is a wonderfully good book. He has achieved complete success in illustrating, both 
by words and pictures, the best technic of the abdominal operations now commonly performed.’ 


Moynihan on Gall-stones 


Gall-Stones and Their Surgical Treatment.—By B. G. A. Moyni- 
HAN, M.S. (Lonpon), F. R. C.S., Leeds, England. Octavo of 458 pages, 
illustrated. Cloth, $5.00 net; Half Morocco, $6.50 net. 


THE NEW (2d) EDITION 


Mr. Moynihan, in revising his book, has made many additions to the text, so 
as to include the most recent advances. Especial attention has been given to a 
detailed description of the early symptoms in cholelithiasis, enabling a diagnosis 
to be made in the stage in which surgical treatment can be most safely adopted. 


British Medical Journal 

‘‘He expresses his views with admirable clearness, and he supports them by a large num- 
ber of clinical examples, which will be much prized by those who know the difficult problems 
and tasks which gall-stone surgery not infrequently presents.” 


Dannreuther’s Minor and Emergency Surgery 


Minor and Emergency Surgery. By WALTER T. DANNREUTHER, M.D., Surgeon 
to St. Elizabeth’s Hospital and to St. Bartholomew’s Clinic, New York City. 12mo of 225 
pages, illustrated. Cloth, $1.25 net. 


ILLUSTRATED 


Dr. Dannreuther emphasizes just those points most necessary in emergency work, giving numerous hints 
and suggestions that cannot help but be of great value to you in emergency work and in minor operations. 
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Schultze and Stewart’s Topographic Anatomy 


Atlas and Text-Book of Topographic and Applied Anatomy. By Pror. 
Dr. O. SCHULTZE, of Wiirzburg. Edited, with additions, by Grorce D. 
STEWART, M.D., Professor of Anatomy and Clinical Surgery, University 
and Bellevue Hospital Medical College, N. Y. Large quarto of 189 pages, 
with 25 colored figures on 22 colored lithographic plates, and 89 text-cuts, 60 
in colors. Cloth, $5,50 net. 


Griffith’s Hand-Book of Surgery 


A Manual of Surgery. By FREDERIC R. GrirrFitH, M. D., Surgeon to the 
Bellevue Dispensary, New York City. 12mo of 579 pages, with 417 illus- 
trations. Flexible leather, $2.00 net. 


Keen’s Addresses and Other Papers 
Addresses and Other Papers. Delivered by Wiiitam W. Keen, M. b., 
LL.D., F. R. C.S. (Hon.), Professor of the Principles of Surgery and of Clin- 
ical Surgery, Jefferson Medical College, Philadelphia. Octavo volume of 
441 pages, illustrated. Cloth, $3.75 net. 


Keen on the Surgery of Typhoid 
The Surgical Complications and Sequels of Typhoid Fever. By Wm. W. 
Keen, M.D., LL.D., F.R.C.S. (Hon.), Professor of the Principles of Surgery 
and of Clinical Surgery, Jefferson Medical College, Philadelphia, etc, 
Octavo volume of 386 pages, illustrated. Cloth, $3.00 net. 


Gould’s Operations on Intestines and Stomach 


The Technic of Operations Upon the Intestines and Stomach. By AL- 
FRED H. GouLpD, M. D., of Boston. Large octavo, with 190 original illustra- 
tions, some in colors. Cloth, $5.00 net; Half Morocco, $6.50 net. 


Bier’s Hyperemia Second Edition 


Bier’s Hyperemic Treatment in Surgery, Medicine, and the Specialties : 
A Manual of its Practical Application. By Witty Meyer, M. D., Professor 
of Surgery at the New York Post-Graduate Medical School and Hospital ; and 
Pror. Dr. Victor SCHMIEDEN, Assistant to Prof. Bier, University of Berlin, 
Germany. Octavo of 280 pages, with original illustrations. Cloth, $3.00 net. 
“We commend this work to all those who are interested inthetreatment of infections, either acute or 


chonic, for it isthe only authoritative treatise we have in the English language.” —New York State 
Journal of Medicine. 


Morris’ Dawn of the Fourth Era in Surgery 


Dawn of the Fourth Era in Surgery and Other Articles. By 
Ropert T. Morris, M. D., Professor of Surgery, New York Post-Graduate 
Medical School and Hospital. 12mo of 145 pages, illustrated. $1.25 net. 
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Haynes’ Anatomy 


A Manual of Anatomy. By Irvinc S. Haynss, M.D., Professor of Praes 
tical Anatomy, Cornell University Medical College. Octavo, 680 pages, 
with 42 diagrams and 134 full-page half-tones. Cloth, $2.50 net. 


American Pocket Dictionary New (8th) Edition 


The American Pocket Medical Dictionary. Edited by W. A. NEWMAN 
DoRLAND, A. M., M. D., Editor ‘‘ American Illustrated Medical Dictionary.”’ 
677 pages. Full leather, limp, with gold edges, $1.00 net; with patent 
thumb index, $1.25 net. 


McClellan’s Art Anatomy 
Anatomy in its Relationto Art. By GrorGe MCCLELLAN, M.D., Professor 
of Anatomy, Pennsylvania Academy of the Fine Arts. Quarto volume, 9 by 
12% inches, with 338 original drawings and photographs, and 260 pages of 
text. Dark blue vellum, $10.00 net; Half Russia, $12.50 net. 


Fowler’s Surgery In Two Volumes 


A Treatise on Surgery. By Grorce R. Fow.er, M. D., Emeritus Pro- 
fessor of Surgery, New York Polyclinic. Two imperial octavos of 725 pages 
each, with 888 original text-illustrations and 4 colored plates. Per set: 
Cloth, $15.00 net; Half Morocco, $18.00 net. 


International Text-Book of Surgery Second Edition 
The International Text-Book of Surgery. In two volumes. By Ameri- 
can.and British authors. Edited by J. CoLLiIns WARREN, M. D., LL. D., 
F. R. C. S. (Hon.), Professor of Surgery, Harvard Medical School; and A. 
PEARCE GOULD, M. S., F. R. C.S., of London, England. Vol. I. : General 
and Operative Surgery. Royal octavo, 975 pages, 461 illustrations, 9 full- 
page colored plates. Vol. II. : Special or Regional Surgery. Royal octavo, 
1122 pages, 499 illustrations, and 8 full-page colored plates. Per volume: 
Cloth, $5.00 net; Half Morocco, $6.50 net. 


American Text-Book of Surgery , _ Fourth Edition 
American Text-Book of Surgery. Edited by W. W. Keen, M. D., 
LL. D., Hon. F. R. C.’S., Enc. and Epin., and J. WILLIAM WHITE, 
M. D., Pu. D. Octavo, 1363 pages, 551 text-cuts and 39 colored and 
half-tone plates. Cloth, $7.00 net; Half Morocco, $8.50 net. 


Robson and Cammidge on the Pancreas 
The Pancreas: Its Surgery and Pathology. By A. W. Mayo Rosson, 
F. R. C. S., of London, England; and P. J. Cammipce, F. R. C. S., of 
London, England. Octavo of 546 pages, illustrated. Cloth, $5.00 net; 
Half Morocco, $6.50 net. 
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American Illustrated Dictionary The New (7th) Edition 

The American Illustrated Medical Dictionary. With tables 

of Arteries, Muscles, Nerves, Veins, etc. ; of Bacilli, Bacteria, etc. ; 

Eponymic Tables of Diseases, Operations, Stains, Tests, etc. By W. A. 

Newman Doruanp, M.D. Large octavo, 1107 pages. Flexible leather, 
$4.50 net; with thumb index, $5.00 net. 


Howard A. Kelly, M.D., Professor of Gynecology, Johns Hopkins University, Baltimore, 
“Dr, Dorland’s dictionary is admirable. It is so well gotten up and of such con- 
venient size. No errors have been found in my use of it.” 


Golebiewski and Bailey’s Accident Diseases 
Atlas and Epitome of Diseases Caused by Accidents. By Dr. 
Ep. GOLEBIEWSKI, of Berlin. Edited, with additions, by PrEarce BaILey, 
M.D. Consulting Neurologist to St. Luke’s Hospital, New York City. 
With 71 colored figures on 40 plates, 143 text-cuts, and 549 pages of 
text. Cloth, $4.00 net. Jz Saunders’ Hand-Atlas Series. 


Helferich and Bloodgood on Fractures 
Atlas and Epitome of Traumatic Fractures and Dislocations 
By Pror. Dr. H. Hetrericu, of Greifswald, Prussia. Edited, with ad- 
ditions, by JosEPpH C. BLoopcoop, M. D., Associate in Surgery, Johns 
Hopkins University, Baltimore. 216 colored figures on 64 lithographic 
plates, x90 text-cuts, and 353 pages of text. Cloth, $3.0onet. J Saun- 
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Sultan and Coley on Abdominal Hernias 
Atlas and Epitome of Abdominal Hernias. By Pr. Dr. G. SuL- 
TAN, of Gottingen. Edited, with additions, by Wm. B. Corry, M. D., 
Clinical Lecturer and Instructor in Surgery, Columbia University, New 
York. 11g illustrations, 36 in colors, and 277 pages of text. Cloth, 
$3.00 net. Jn Saunders’ Hand-Atlas Series. 
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Warren’s Surgical Pathology Edition 

Surgical Pathology and Therapeutics. By J. CoLLins WARREN, 

M.D., LL.D., F.R.C.S. (Hon.), Professor of Surgery, Harvard Medical 

School. Octavo, 873 pages; 136 illustrations, 33 in colors. Cloth, 
$5.00 net; Half Morocco, $6.50 net. 


Second 


Zuckerkandl and DaCosta’s Surgery SGA 
Atlas and Epitome of Operative Surgery. By Dr. O. ZUCKER- 
KANDL, of Vienna. Edited, with additions, by J. CHatmers DaCosta, 
M.D., Samuel D. Gross Professor of Surgery, Jefferson Medical Col- 
lege, Philadelphia. 40 colored plates, 278 text-cuts, and 410 pages of 
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Moore’s Orthopedic Surgery 
A Manual of Orthopedic Surgery. By James E. Moore, M.D., Professor 
of Clinical Surgery, University of Minnesota, College of Medicine and Surgery. 
Octavo of 356 pages, handsomely illustrated. Cloth, $2.50 net. 


“The book is eminently practical. It is a sate guide in the understanding and treatment of 
orthopedic cases, Should be owned by every surgean and practitioner.” —Anmnals of Surgerys 


Fowler’s Operating Room New (3d) Edition, Reset 
The Operating Room and the Patient. By RusseLt S. Fow Ler, M. D., 
Surgeon to the German Hospital, Brooklyn, New York. Octavo of 611 
pages, illustrated. Cloth, $3.50 net. 


Dr. Fowler has written his book for surgeons, nurses assisting at an operation, internes, 
and all others whose duties bring them into the operating room. It contains explicit 
directions for the preparation of material, instruments needed, position of patient, etc., 
all beautifully illustrated. 


Nancrede’s Principles of Surgery __ New (2d) Edition 
Lectures on the Principles of Surgery. By Cuas. B. NANCREDE, M.D., 
LL.D., Professor of Surgery and of Clinical Surgery, University of Michigan, 
Ann Arbor. Octavo, 407 pages, illustrated. Cloth, $2.58 net. 
““We can strongly recommend this book to all students and those who would see something 


of the scientific foundation upon which the art of surgery is built.”—Quarterly Medical Journal, 
Sheffield, England. 


Nancrede’s Essentials of Anatomy. g.,enth Edition 
Essentials of Anatomy, including the Anatomy of the Viscera. By CuAs. 
B. NANCREDE, M.D., Professor of Surgery and of Clinical Surgery, University 
of Michigan, Ann Arbor. Crown octavo, 388 pages; 180 cuts. With an 
Appendix containing over 60 illustrations of the osteology of the body. Based 
on Gray's Anatomy. Cloth, ¢1.0onet. Jz Saunders’ Question Compends. 


“The questions have been wisely selected, and the answers accurately and concisely given.”’— 
University Medical Magazine. 


Martin’s Essentials of Surgery. ‘S°venth Edition 


Essentials of Surgery. Containing also Venereal Diseases, Surgical Land- 
marks, Minor and Operative Surgery, and a complete description, with illus- 
trations, of the Handkerchief and Roller Bandages. By EDWARD MARTIN, 
A.M., M.D.,; Professor of Glinical Surgery, University of Pennsylvania, etc. 
Crown octavo, 338 pages, illustrated. With an Appendix on Antiseptic Sur- 
gery, etc. Cloth, $1.00 net. Jz Saunders’ Question Compends. 


“Written to assist the student, it will be uf undoubted value to the practitioner, containing as it 
does the essence of surgical work.”—Boston Medical and Surgical Journal. 


Martin’s Essentials of Minor Surgery, Band- 


aging, and Venereal Diseases. %econd Revised 


Essentials of Minor Surgery, Bandaging, and Venereal Diseases, By 
EpwarpD Martin, A.M., M.D., Professor of Clinical Surgery, University of 
Pennsylvania, etc. Crown octavo, 166 pages, with 78 illustrations. 
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